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Introduction 
Pollution of the environment is one of the most horrible ecological crises to 
which we are subjected. Natural environment provided us with three most important 
things, they are water, air and soil without these no life can exist. The nature provides 
a beautiful balance between these things for the existence of life on the earth. But at 
present this natural balance is disturbed by human activities, which are the great cause 
of Environmental pollution. 
In the past time when there was no development of Science and Technology 
these important amenities that is air, water and soil were pure, undisturbed, 
uncontaminated and virgin for living organisms. But with the progress of time all 
these qualities became extinct by the human activity. 
With the progress of Science and Technology there is rapid increase in 
industrialization which to a great extend added up to the environmental pollution by 
the exploitation of the natural resources and created a great ecological imbalance. As 
the pollution level increased, human beings kept on adjusting themselves to the 
changing scenario. 
Water is one of the most important components of our environment, which 
supports life on earth. The total amount of water, which surrounds the earth, is 70%. 
The water bodies at present are polluted on large scale by human activities such as 
water pollution created by industrial discharge, agricultural wastes, urbanization, 
domestic waste, mining etc and thus disturbing the normal use of water for irrigation, 
agriculture, public water supply and aquatic life because its normal function and 
properties are effected by the pollution. As a result of this there is a huge loss of life 
every year. So this is our responsibility to keep our environment neat and clean b\ 
using different preventive measures. I'he air pollution is also another big problem. At 
present air is contaminated with very poisonous gases, which arc the mam cause of 
high mortality rate mostly in urban areas. These harmful gases come in contact wiih 
air by the fumes evolved by the industries, automobiles engines etc. These Tumcs arc 
injurious to health, which causes various diseases, most common are respiratory 
diseases like asthma, lung cancer etc, many people die every year because of 
unconsciousness toward evolution of such poisonous gases. Therefore, it is very 
necessary to pay attention towards such task and take effective step to control air 
pollution such as growing more and more trees and preventing deforestation. Soil is 
another important segment of the environment. It is also very important to sustain life 
on the earth. Nowadays the pollution, which spread in soil, is much worst form of the 
pollution. The indiscriminate use of fertilizers and excessive use of pesticides has 
created a great menace. Both of these products find their way into food chain through 
plants and animals and they have direct implication on human health. . So it is much 
wider pollution than other kind and in future we have to pay considerable attention to 
mitigate such kind of pollution. 
1.1: Classification of pollution 
In general the environmental pollution is classified into three ways: 
1. Air Pollution 
2. Water Pollution 
3. Soil Pollution 
l.Air Pollution: This is the addition of any foreign substance that will change the 
physical and chemical properties of fresh air that are mainly known as air pollutants. 
There are many ways through which our air gets polluted for example by rapid 
industrialization, waste gases evolved from automobiles, domestic combustion and by 
the nuclear reactions through which air get contaminated at large scale At present air 
get polluted by carbon monoxide, nitrogen oxide, sulphur dioxide and particulates at 
very high concentration which causes many dangerous diseases like lung cancer, 
asthma, throat irritation, eyes irritation etc. So it very necessary to take strong steps 
for its control. Air pollution can be reduced by using high chimneys in industrial 
plants so that smoke, fumes or heated air may not disperse in the atmosphere. Organic 
and Inorganic waste should be treated properly before dumping in the atmosphere. 
The fuel used to run the automobiles should be free from air pollutants. And at last 
the most effective way to control air pollution is growing more and more trees and 
preventing deforestation. 
2. Water Pollution: The addition of any organic, inorganic, biological or 
radiological substance to water which changes its physical and chemical properties is 
known as water pollution. These pollutants come in contact with water by rapid and 
unplanned industrial progress, over population, discharge of sewage into water etc 
and such water is unfit and very harmful to public health animals, plants and aquatic 
life. Such polluted water when consumed by the living beings causes many 
dangerous diseases and diminishes life, in human beings it causes chronic stomach 
diseases including stomach cancer, ulcer, liver and kidneys damage etc. Because 
water is very essential alignment to sustain life on this earth and with out which life is 
impossible so it is our responsibility to maintain its purity by using different 
preventive measures. 
3. Soil Pollution: The soil pollution can be defined as addition of undesirable 
foreign substances to the soil and as a result soil lose its fertility and become 
wasteland. Industial, agricultural, domestic and municipal wastes are the main 
sources of soil pollution. By the advancements in agriculture, use of high quantity of 
fertilizers, pesticides, weedicides, herbicides that are used to increase crop yield at 
one hand and on the other hand it pollutes the soil at large scale. The high 
concentrations of such chemicals in soil are absorbed by the plants and then reaching 
in the human body creates many diseases. The rapid urbanization is also a great cause 
of soil pollution through garbage dumped in open land by other materials like plastic, 
glasses, metallic cans, fibers, paper, manufactured products, fuel residues etc. Soil 
al.so gets polluted by radioactive materials like Cs-139, Sr-9(). 1-29 which are 
accumulated in the bones. All these things are the main cause of soil deterioration, 
which leads to many diseases in human beings. Extinction of many species in animals 
and birds. So it is the right time to take such preventive measures to save soil 
deterioration by pollution. 
1.2: Classification of Water Pollutants 
Water pollutants can be broadly classified into the following four major 
categories. 
1. Organic Pollutants 
2. Inorganic Pollutants 
3. Suspended solids and Sediments 
4. Radioactive materials 
1. Organic Pollutants: The organic pollutants include domestic animal sewage, 
bio- degradable organics compounds and industrial wastes from food processing 
plants, meat- packing plants, slaughter-houses, paper and pulp mills, tanneries, 
pathogenic microorganisms, pesticides, detergents, insecticides, paints, sewage, 
agriculture run off, oil spills from cargo oil tankers on the seas etc. These pollutants 
result in rapid depletion of dissolved oxygen (D.O) from the water, which is harmful 
for aquatic organisms. The optimum D.O. in natural waters is 4-6 ppm, which is 
essential for supporting aquatic life. Any decrease in this D.O. value is an index of 
pollution. Many aquatic organisms cannot survive at lower D.O.levels in water. The 
pathogenic microorganisms present in polluted water causes water-born disease such 
as cholera, typhoid, dysentery, polio and hepatitis in humans. 
The pesticides, detergents, insecticides, paints and other industrial chemicals 
are toxic to plants, animals and humans, as these chemicals may enter thehydrosphere 
either by spillage during transport and u.se or by intentional or accidental release of 
waste from there manufacturing establishments. Oil pollution results in the reduction 
of light transmission through surface waters, there by reducing photosynthesis by 
marine plants. Further, it reduces the D.O. in water and endangers water birds, coastal 
plants and animals. Thus, oil pollution leads to unsightly and hazardous conditions 
which are deleterious to marine life and seafood. 
2. Inorganic Pollutants: Inorganic Pollutants comprises of minerals acids, 
inorganic salts. Finely divided metals or metal compounds, trace elements, 
cyanides, sulphates, nitrates, organometallic compounds and complexes of metals 
With organic present in natural waters. The metal-organic interactions involve 
natural organic species. These interactions are influenced by or influence redox 
equilibria; acid-base reactions, colloid formation and reaction involving 
microorganism in water the metal toxicity in aquatic ecosystems is also influenced 
by these interactions 
Various metals and metallic compounds released from anthropogenic 
activities add up to their natural background levels in water. Some of these trace 
metals play essential roles in biological processes but at higher concentrations they 
may be toxic to biota. 
3. Suspended solids and sediments: Sediments are mostly contributed by soil 
erosion by natural processes, agricultural development, strip mining and 
construction activities, suspended solids in water mainly comprise of silt, sand and 
minerals eroded from the land. Soil erosion by water, wind and other natural forces 
are very significant for tropical countries like India leading to qualitative and 
quantitative degradation of the soil in land area. Thus, soil may be getting removed 
from agricultural land to the areas where it is not required such as water reservoirs. 
Soil particles eroded by running water ultimately find their way into water 
reservoirs and such a process is called siltation. Reservoirs and dams are filled with 
soil particles and other solid materials because of siltation. This reduces the water 
storage capacity of the dams and reservoirs and thus shortens their life. Apart from 
filling up the reservoirs and harbors, the suspended solids present in water bodies 
may block the sunlight required for the photosynthesis by the bottom vegetation. 
This may also smother shellfish, corals and other bottom lite forms. Deposition ol 
solid in quiescent stretches of streams impairs the normal aquatic life in the streams. 
Further, sludge blankets containing organic solids decompose, leading to anaerobic 
conditions and formation of obnoxious gases. The tremendous problem of soil 
erosion can be controlled by proper cultivation practices and efficient soil arid forest 
management techniques. 
The organic matter content in the sediments is generally higher than that 
in soils. Sediments and suspended particles exchange cations with the surrounding 
aquatic medium and act as repositories for trace metals such as Cu, Co, Ni, Mn, Cr 
and Mo. Suspended solids such as silt and coal may injure the gills of the fish and 
causes asphyxiation. 
4. Radioactive materials: The radioactive water pollutants may originate from the 
mining and processing of ores, increasing use of radioactive isotopes, radioactive 
materials from nuclear reactors and nuclear power plants. The radioactive isotopes 
found in water include Sr^ «, l'^' , C s ' " , Cs'^' , Co^^ Mn^^ Fe^^ Pu^^^ Ba'^°, K "^, 
Ra^^ .^ These radioactive isotopes are toxic to life forms. 
1.3: Heavy metal pollution, sources and its effects 
The scientific world has widely accepted definition for 'heavy metals'. 
However, it is generally accepted that the term 'heavy' refers to metals with a 
specific gravity that is at least five times the specific gravity of water. Ihe 
specific gravity of water is one at 4 °C (39 f)- Simply stated, specific gravity is a 
measure of the density of a given amount of a solid substance when it is compared 
to an equal amount of water. In general term, a heavy metal has a specific weight 
higher than 8gm/cm^ 
In small quantities certain heavy metals arc nutritionally essential lor 
a healthy life. Some of these are referred to as the trace clemenls (e.g., fo. Cu. Mn 
and Zn). These elements, or some forms of them are commonly found naturally in 
foodstuffs, fruits and vegetables and in commercially available multivitamin 
products (I.O.S.H.I.C, 1999). Heavy metals are also common in industrial 
application such as in the manufacture of pesticides, batteries, alloys, 
electroplated metal parts, textile dyes, steel and so forth. (I.O.S.H.I.C, 1999). 
Many of these products in our homes and actually add to our quality of life when 
properly used. 
Heavy metals become toxic when they are not metabolized by the 
body and accumulate in the soft tissues. Heavy metals may enter the human body 
through food, water, air or absorption through skin and also when they come in 
contact with humans in agriculture and in manufacturing, pharmaceutical, 
industrial or residual setting. 
Mechanism of toxicity of metals: To understand the toxicity of metals, the 
electronic configuration must be mind. Electrons bind molecules together. They 
are the rivets, bolts, nails and screws of the body. Electrons are usually indented 
in pair as they whiz around the outside of the atoms and give stability to form of 
the atom or molecule. When for any reason these paired electrons become 
separated, the molecule is damaged. These damaged molecules are called free 
radical and are highly reactive, attacking other cellular structures to grab electron 
in order to become paired again. Usually there enough free electrons in the 
vicinity to satisfy the demands of the free radicals, but when the level of free 
radicals increases beyond a certain point, the cellular protective electron donating 
mechanism which usually keeps these molecules in check is exceeded. When 
that happens, great numbers of these radicals are set free, all greedily looking for 
electrons whenever they can be found. So, when toxic metals are in body tissues, 
there is free radical destructive activity going on constantly resulting in rapid 
aging and degeneration. The ability of metals to disrupt the function of essential 
biological molecules such as protein, enzyme and DNA is the major cause of their 
toxicity. Displacement of certain metals essential for cell by 
similar metal is another cause of toxicity. For example: Cadmium can substitute 
for the essential metal zinc in certain protein that requires zinc for their structure 
or function. The alteration in protein can lead to toxic consequences. In the same 
way, lead can substitute for calcium in bones, and in other sites where calcium is 
required. (Zubair Ahmad; CPP). The sources and effect of some important heavy 
metals are summarized in Table 1.1. 
Table: 1.1. Sources of some important heavy metals and their hazardous effects. 
Heavy metals Sources Effects 
Aluminium Alum, aluminium-cooking foils, 
animal feed, antacids, aspirin, 
auto exhaust, bleached flour, 
cans and tins, ceramics 
dental amalgams, etc. 
Alzheimer s, anemia 
appetite loss, memory 
loss, spleen pain, 
stomach pain, etc 
Lead Battery manufactured, canned 
fruit and juice, cigarette smoke, 
electroplating, lead pipes, etc. 
abdominal pain, arthritis, 
blindness, Parkinson s 
disease, schizophrenia, 
unintentional weight loss. 
Nickel Industrial waste, kelp, margarine, 
nuclear device testing, tea, 
tobacco smoke, etc. 
Haemorrhages, intestinal 
cancer, oral cancer, 
nausea, etc. 
Arsenic Burning of arsenate treated 
building materials, coal 
combustion, insect sprays. 
abdominal pain, 
anorexia, brittle nails, 
chronic anemia, etc. 
Beryllium Coal burning, manufacturing 
household products, 
industrial dust, etc. 
Disturbance of calcium 
and vitamins 
Mercury Adhesive, air conditioner filters, 
algaecides, broken thermometers 
burning newspapers and building 
materials, soft contact lens solution, 
tattooing, wood preservatives, etc. 
Adrenal dysfunction, 
allergy, alopecia, brain 
damage, hearing loss, 
vision loss, etc. 
Cadmium Airborne industrial contaminants, 
batteries, cerzimics, cigarette smoke 
electroplating, fertilizers, welding 
metals, etc. 
Alopoecia, anemia, 
cardiovascular diseases 
enlarged heart, renal 
disease, migraines, etc 
Chromium Metal plating, cooling towers, 
leather tanning industries, paint 
industry, etc. 
Severs mucosal irritation 
cancer, etc. 
Manganese Coal mining, ceramics, 
dry battery cells, etc. 
"Manganese psychosis" 
a brain disease. 
At one hand where science creates many problems to the human beings by 
rapid industrialization, by the use of chemicals and automobiles it also provides the 
remedies to control such havoc. 
It is most important thing to identify the pollutants so we can make a step to 
get rid from them. It is important to know the characteristic of pollutants for their 
control because by achieving the adequate information about them it will be easy to 
opt exact process to control pollution. It is very difficult to find the to.xic metal when 
it is present in trace amount. This problem can be solved by the resent development m 
instrumentation for example atomic absorption spectrophotometer (AAS) which can 
find the presence of toxic metal in environment in trace amount. Our environment 
also gets polluted on large scale by the organic and inorganic pollutants. The organic 
pollutant detection can be done with the help of high performance liquid 
chromatography (HPLC) and gas chromatography (G.C) very successfully and the 
inorganic pollutant can be detected by using ion exchange, AAS and X-ray 
fluorescence. Today we have to need a full concentration to create such type of 
methods, which can easily be used on wide scale to defect the amount of pollutant in 
the environment. 
There are a number of methods available for the removal of heavy metals 
from wastewater by various methods like precipitation, ion exchange, electro dialysis 
etc. Precipitation is the method, which is used for the removal of metal ions when 
present in large amount this can be done by increasing pH most of heavy metals are 
precipitated as hydroxides or basic salts. Ion-exchange is another effective process for 
the removal of heavy metals by ion exchange resins .It is capable of achieving very 
high levels of metals removal particularly from low concentration wastes. The electro 
dialysis is feasible for treatment of process solutions and rinse waters from plating 
and metals finishing operations, and for treatment of acid mine drainage, containing 
heavy metals. But all these processes are not appearing to be practicable as they are 
not economical. 
Nowadays the adsorption process is used most commonly for the removal of 
heavy metals. The adsorption studies are significant both theoretically and practically 
as they can utilize in detection, determination and treatment of organic and inorganic 
pollutants even when they are present in trace amount. The use of adsorption process 
of solid adsorbents has been considerably developed recently for the removal of 
pollutants. It is very useful and successful in many fields such as the purification 
processes, water treatment and analytical methods. The activated carbon is most 
widely used adsorbent and work effectively but its high cost has led to search for 
cheaper and economical substitutes. Some non-conventional adsorbents used recently 
for the removal of heavy metals from water and wastewaters are summarized in 
Tables. 1.2 and 1.3 
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Table: 1 .J. Summary of various adsorbents used for the removal of inorganic 
pollutants from wastewater (2000- 2006) 
Adsorbent 
Avena monida 
(Oat) biomass 
Serpentine 
Pyrite 
Sawdust 
Sawdust 
Peat 
Fly ash 
Manganese oxide 
Hematite 
Tea leaves 
l„ 
Metal ions removed 
Cr (VI) 
Cd(lI),Cu(II),Fe(III) 
Pb(n) and Ni(II) 
Cu (II) 
Cu 
Cr 
Zn and Cd 
Ni ions 
As ions 
Cd (II) 
Ni (11) and Cr (11) 
Remarks 
Cr (VI) is reduced to Cr 
(III) in polluted water 
99% heavy metals 
removal in synthetic 
solution of ions 
Oxidation is 
accompanied by the 
reduction of Cu(II) to 
Cu(I) 
Provide strong 
evidence to support the 
hypothesis of 
adsorption mechanism. 
95% Cr ions were 
removed. 
Peat columns are able 
to retain the main 
interferent on adsoption 
ofZnand Cd ions in 
solution 
The removal of Ni (II) 
is 96% 
As ion concentration 
was decreased to 
2.3mg/l from lOmg/1 in 
20 minutes at pH 4.5-
5.0 
100% adsorption of Cd 
takes place around pH-
9.5 
Maximum adsorption 
were 7.97 and 
5.91 mg/g. 
References 
Gardea-Torresdey 
et al.,2000 
Quo et al., 2000 
Weisener and 
Gerson,2000 
Yu et al.,2000 
Srivastava et 
al.,2000 
Petroni et al.,2000 
Ricou-Hoeffer et al 
.,2000 
Kasai et al.,2000 
Our Prasad .,2000 
Nishioka et 
al..2000 
Cow dung cake 
Surfactant modified 
Clinoptilolite 
Anaerobically 
digested sludge 
Sawdust 
Dried animal 
Bones 
Red mud 
Iron oxide coated 
granular activated 
carbon 
Acidic Manganese 
Ch'toride 
Tea leaves 
Carbon of almond 
Husk 
Effloresced coal 
Cr(VI) 
Sulphate, 
Hydrogen 
chromate and Di 
hydrogen 
phosphate anions 
Cd(II),Cu(II),Ni(II) 
And Zn(II) 
Cr 
Zn 
As 
Cu(Il) 
Cu,Ni,Co,Pb and 
Fe 
Ni(II) and Cr(III) 
Cr (VI), Cd (11) 
and Cu (II). 
Pb(II),Cu(II).Zn(II) 
And Ni(II) 
Cr (VI) removal is 90%. 
The Kinetics results showed 
that Sulphates and 
Uihydrogen Phosphates 
anions were slow processes 
while Hydrogen chromate 
anion was completed in few 
minutes. 
Affinity of the sludge was 
established as 
Cu(II)>Cd(II)>Zn(II)>Ni(II) 
95% Cr ions were removed 
. 
Follow f' Order rate 
expression and obeys 
Langmuir model .The 
adsorption of As(III) was 
exothermic and As(V) was 
endothermic 
Cu(n) adsorption capacity 
Per gram of iron oxide on 
Fe-GAC adsorbents were at 
least three times greater 
than discrete Fe oxide. 
. 
Maximum adsorption 
were?.97 and 5.91mg/g. 
The removal of Cr (VI), Cd 
(II) and Cu (II) were 94.4, 
93.7, and 94.7% 
respectively. 
Removal rate was 97% at 
PH.4 and 20 C 
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2000 
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Plastic clay 
Condensed-tannin 
gel 
Lignite-based 
carbon 
Bark of eucalyptus 
And cassia fistula 
\ 
Natural and 
modified francolite 
Activated carcoal 
And coconut shell 
carbon 
Rice straw 
Low cost 
adsorbents 
Talc, Chalcopyrite 
and 
Barite 
Polyhydroxy ethyl-
Methacrylate 
Thiol cotton fibers 
Bone char 
Acti\ ated carbon 
Modified Corncobs 
Cr(VI) 
Cr(VI) 
Ni(II) and Cu(II) 
Cr and Cu 
Pb(II) 
Heavy metals 
Cr(VI) 
Heavy metals 
Cd ions 
Heavy metals ions. 
Heavy metals 
Cd,Cu and Zn ions 
Metals ions 
Metal ions 
Equilibrium data fitted well 
to Lagergreen equation. 
-
Pseudo-second order 
process 
Eucalyptus bark is more 
efficient in removal of Cr 
and Cu then cassia fistuCa 
Maximum adsorption 
capacities were 35.625 and 
1160mg/g respectively. 
Maximum removal is 
obtained at pH 1-3.4 at very 
low contact time. 
-
Tea dust was an effective 
replacement for activated 
carbon 
Follow Langmuir and 
Freundlich equation 
Maximum adsorption ratio 
was as high as 99% 
-
Sorption of Cd and Zn ions 
onto bone char are primarily 
flim-pore diffusion 
controlled. 
Langmuir isotherm fit the 
data better in single 
component systems. 
_ 
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2000 
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al.,2000 
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2000 
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2000 
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Cheung et 
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al..2001 
Activated carbon 
From fertilizer 
waste 
Nitrified lignite 
Red mud 
Aluminium based 
coagulant 
Polyuretharane 
foam sorbent 
coupled with 
Ammonium 
pyrrolidine 
dithioca-
rbamate(APDC) 
Chitosan 
impregnated with 
microemulsion. 
Poly (ethylene 
imine) immobilized 
Poly (methyl 
methacrylate) 
microspheres. 
Chitosan 
WoUastonite 
i 
1 Sawdust 
1 
Hg(II) 
Cr 
Pb and Cr 
As 
Hg,Cd and Pb 
Cr 
Cu,Cd,and Pb 
Cr (VI) 
Cr(VI) 
Heavy metals 
Hg (II) adsorption increased 
with a decreased in pH; the 
process is exothermic. 
The adsorption isotherm 
was consistent with 
Langmuir equation 
Thermodynamic parameter 
indicates the fessibility of 
the process. 
Solution As(V) is converted 
to particulate As 
predominantly by 
clarification. 
-
Uptake process obeys 
theLagmuir isotherm. 
Immobilization of adsorbent 
Significantly increased the 
heavy metal adsorption 
(0.224 mmol/g for Cu 
(II),0.276 mmol/g for Cd 
(II),and0.126mmol/gPb(II). 
-
Maximum adsorption 
(74.4%) was at pH 2.0 
temperature 30 C and 
minimum (12.3%) at pH 
8.0. 
-
Mohan et 
al.,2001 
Wang et al.. 
2001 
Gupta et 
al.,2001 
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al.,2001 
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2001 
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1 
1 
Vuet al.,20()l 
Modified saw dust 
Natural zeolites 
Aspergillus niger 
biomass 
Cauliflower leaves 
Fly ash 
Sandstone 
Durvillaea 
potatorum .marine 
algae. 
Synthetic zeolites 
Activated Bentonit 
Cr(VI) 
Heavy metals 
Pb(II) 
Cr (VI) 
Cu 
Pb(II) and Zn(II) 
Cu(II) 
Pb(II) 
Pb(II) 
Maximum removal (>99%) 
was obtained at initial 
concentration 25 mg/1 at pH 
2-3. 
Basic adsorption models 
except the Loading ratio 
correlation model could 
describe multi-species ion 
exchange equilibrium for 
heavy metals/natural zeolite 
systems well. 
Follow first order reaction 
Kinetics. 
At room temperatures 
leaves show maximum 
adsorption properties. As 
the pH of effluent increases 
the adsorption properties 
decreases. 
Maximum percentage of 
adsorption was obtained at a 
pH-5. 
Adsorption capacity of sand 
stone toPb (II) was similar 
to that of Breccia, but the 
adsorption capacity of 
Breccia to Zn (II) was 
greater than that of 
sandstone. 
Obeyed Langmuir isotherm 
behavior .and ion exchange, 
surface complex were main 
adsorption forms. 
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al.,2001 
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Xuet al.,2001 
Xuetal.,200] 
Yu and 
Kaewsarn,200] 
Karetina ei 
al..2001 
Xia and 
Shi,2001 
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Soil collected from 
sewage sludge 
Chitosan / PVA 
Hydrogel Beads 
Poly (hydroxethyl 
methacrylate) 
adsorbents with 
Thiazolidine 
Groups 
[0.5M Si02 : 0.5M 
Fe(0H)3 ] 
Chick Feathers 
Solar thermal and 
Chemo thermal 
Activated Carbon 
Garcinia cambogia 
,a plant biomass 
Rhizopus 
oligosporus 
Rice Husk Carbon 
Dithiocarbamate 
Activated Carbon 
Pillared Clays and 
Iron oxide 
Ti02loaded 
Amberlite XAD-7 
Resin 
Porous Chelating 
Resin Containing 
Polymer Ligand. 
1 
Cd 
Pb 
Hg(II) 
Metals ions 
Cu,Zn and Ni ions 
Pb(ll) and Cr(VI) 
Cr 
Pb(II) 
As(IlI) 
Complexed 
Mercury 
Cr(III) 
As 
As(lll) and As(V) 
Metals ions 
The maximum desorption 
ratio was as high as 99% 
Pandey et 
al.,2001 
Jin and 
Bai.,2002 
Arpa et al.,2002 
Mustafa et 
al.,2002 
Al-Asheh et 
al.,2002 
Nagar and 
Singh, 2002 
Chanderasekhar 
et al.,2002 
Xia and 
Liyun,2002 
Nagarnaik et 
al,2002 
Venkatesan et 
al.,2002 
Milich et 
al..2002 
Lenoble et al., 
2002 
Balaji and 
Matsunaga,20{)2 
Tanco el 
al..2002 
Methacrylamidocy- Heavy metals ions 
steine containing 
(hydroxyethylmeth-
acrylate) Chelating 
Beads. 
Crosslinked 
chitosan 
Brucite 
Fly ash. slag, 
ordinary Portland 
Cement and related 
Blends. 
Hybrid 
Macroporous 
Materials 
Natural Zeolites 
Activated Carbon 
Goethite-coated 
sand 
Natrolite and 
Clinoptilolite Rich 
Tuffs 
Natural sorbent 
Bone charcoal 
Silicon Hybrid 
Surface 
Acid-pretreated 
Chlorella vulgaris 
Iron Coated Sand 
Hg and Precious 
Metals 
Metal ion sorption 
Phosphate ions 
Maximum adsorption 
capacity is observed for 
1058.2mg/gforCd(II). 
Heavy metals ions 
Radioactive Iodine 
Au-CN species 
Cd 
Cr(III) 
Cr(lII) and Fe(III) 
Mo ions 
Toxic Metals 
Cu(II) and Ni(Il) 
As 
Denizli et al., 
2002 
Oshita et 
al.,2002 
Izotov et al. 
2002 
Agyei et 
al.,2002 
Schroden et al., 
2002 
Faghihian et al. 
2002 
Mc Grath et al.. 
2002 
Lai et al.,2002 
Dahbi et 
al..2002 
Farias el 
al..2002 
Faghihian et al. 
2002 
Meunier el 
al..2002 
Mehta ct 
al..2002 
Pelriisevski et 
al..2()02 
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Fly Ash of Poultry 
Litler 
Olivine Process 
Sand 
Turkish Fly Ashes 
Turkish Fly Ashes 
Amino-
Functionalized 
MCM-41 and SBA-
1 
Kaolinite 
Iron Oxide and 
Kaolin 
Paper Mill Sludges 
Sawdust 
Fe,Mn Oxides and 
Humic Acid 
WD-ekstra 
Activated Carbon 
Hydrous Ferric 
oxide 
Bone Charcoal 
Volvariella 
volvacea 
Ion J-xchange 
Resins from 
Amnionical 
rhiosulphaic 
Cr(III) 
Cu 
Ni(II),Cu(II),Zn(II) 
Cr(Vl) and Cd(II) 
Chromate and 
Arsenate 
Pb and Cd 
Cu(II) and Ni(II) 
Heavy Metals 
Heavy Metals 
Au(I,III) 
complexes 
Cu and Pb ions 
Transition metal 
ions 
Cr(III) 
Cu and Zn 
Au and Cu 
90% Cr removal 
Kelleher et al.. 
2002 
Kleiv and 
sandvik,2002 
Belgin 
Bayat,2002 
Belgin 
Bayat,2002 
Yoshitake et al. 
2002 
Coles and 
Young,2002 
Sen et al., 2002 
Calace et 
al.,2002 
Shukla et 
al.,2002 
Ran et al.,2002 
Kapika et 
al.,2002 
Khalil et 
al.,2002 
Dahbi et 
al.,2002 
Mohanty and 
Chaudhury.2002 
Zang and 
Dreisinuer 2002 
Activated carbon 
Chitosan 
Derivatives 
ACCs 
Aspergillus niger 
and Penicilliim 
austurianum 
Low-cost 
Adsorbents 
Activated Carbon 
Cloths 
Perlites 
Graniular Activated 
Carbon 
Granulated Iron 
Hydroxide (GEH) 
Slude ash 
Hydrous Al(0H)3 in 
presence ot" range 
of Chelates 
Sb and Ar 
Cu(II) 
MgO(lOO) 
Benzophenone 
Holy (N-vinyi 
formamide/ 
AcrNJonitrilc) 
Chelating Fibers 
Cu(Il),Ni((II) and 
Pb(II) 
Cd 
Cr(VI) 
Metals ions 
Cd 
Zn and Cd ions 
As 
Ni(II) 
Cd(II) 
Metals ions 
Cu 
Heavy Metals ions 
Navarro and 
Alguacil.,2002 
Babaetal..2002 
Faur-Braquet et 
al.,2002 
Rostami and 
Joodaki.2002 
Dakiky et 
al.,2002 
Faur-Brasquet et 
al.,2002 
Mathialagan and 
Viraraghavan, 
2002. 
Choi and 
Kim.,2002 
Wingrich and 
Wolf. ,2002 
Chih-Huang 
Weng,2002 
Burnett et 
al.,2002 
Cambell and 
Starr.,2002 
Lee and 
Choi.,2002 
Linetal..200: 
Keratin Composed 
Biosorbents 
Activated and non 
activated Date-pits 
Activated carbon 
Aquatic plants 
(Myriophyllum 
spicatum) 
Modified Activated 
Carbon 
Freshwater algae 
chlrorella kesslerii 
Olive Mill Residues 
Heavy metals 
Cu and Zn ion 
Orange Waste 
Chitosan 
Ctav soil 
Bentonite 
Ferrous Seponite 
Hurnic Acid 
Extracted from 
Brown Coals 
Acii\ated Carbon 
from Almond 
Husks 
Mercury (II) ion 
Heavv Metals 
Transition metal 
ions (Cu,Zn,Ni and 
Cd) 
Pb 
Copper 
Arsenate and 
Arsenite anions 
Mercury ions 
Pb.Cu and Zn 
Ni (II) 
Cr(VI) 
Metals ions 
Zn(ll) 
Freundlich isotherm model 
was found to be applicable. 
Adsorption capacities for 
non activated date- pits 
toward Cu(II) and Zn(Il) 
ions as high as 0.15 mmol/g 
0.09 mmol/g, respectively. 
Banatetal.,2002 
Banatetal.,2002 
92% removal of Zn (11) was 
achieved. 
Kannan and 
Raj akumar,2003 
Keskinkan et al., 
2003 
Saha et al.,2003 
Slaveykova and 
Wilkinson.,2003 
Veglio et 
al.,2003 
Ghimire et 
al.,2003 
Jeon and 
Holl.,2003 
W.Y.Wan 
Zuhairi..2003 
Tahir and 
Rauf.,2003 
Parthasarathy et 
al..2003 
Martynuik and 
Wikowska.,2003 
Hasaretal..200: 
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Natural and 
Modified Radiata 
Bark Pine 
Cellulose Graft 
Copolymers 
Savanna Acid Soil 
Recycled-wool-
based Non woven 
Material 
SO2 Treated 
Activated Carbon 
Olive Pomace 
Chitosan 
Concrete Particles 
Hydrophobized 
Zelitic Media 
Thai Kaolin and 
Ballclav 
Natural Modified 
Zeolitic Minerals 
, Zeolites 
! sunthesized from 
F!\ ash 
Copper 
Heavy Metals Ions 
Copper 
Pb cations 
Cd 
Heavy Metals 
Metals Ions 
Silver 
Arsenate and 
Chromate 
Heavy Metals 
Mercurv ions 
Heavy metals 
More than 65% of applied 
Cu was sorbed at pH>3.0, 
far beliw the point of zero 
net charge of the soil. 
Adsorption of metals in the 
mixture solution by kaolin 
was: Cr >Zn > Cu = Cd =; 
Ni >Pb and for ballclav 
was: 
Cr>Zn>Cu>Cd=Pb>Ni. 
Retention of Hg was highest 
for zeolite minerals treated 
with the organic 
compounds. 
The adsorption capacity of 
zeolites synthesized is 
higher than that of fly ash. 
Montes et 
al.,2003 
Guclu et 
al.,2003 
J.O.Agbenin. 
2003 
Radetic et 
al.,2003 
Macias-Garcia 
et al.,2003 
Pangnanelli et 
al.,2003 
Navarro et 
al.,2003 
Shakila 
Begum.,2003 
Eva Chielewska 
2003 
Chantawong and 
Harvey.,2003 
Gebremcdhin-
Haile and 
Olguin 2003 
Yanxin ct 
al.,2003 
Bagasse Fly Ash 
Fungus Penicillium 
canesscens 
Synthetic Zeolites 
Natural Condensed 
Tannin 
Sea Nodule 
Chitosan 
Chemically -treated 
Chicken Feathers 
Grafted Silica 
Calcinated Mg-Al-
CO3 Hydrotalcite 
Neutralized Red 
Mud 
Low-cost 
Adsorbents 
Sheep Manure 
Cd and Ni 
Heavy Metals Ions 
Zn(II) 
Lead 
Lead 
Lead 
Cu and Zn ions 
Cu(II) and Pb(ll) 
Cr(VI) 
Arsenate 
Heavy Metals Ions 
Cu and Cd ions 
The maximum adsorption 
capacities of the heavy 
metal ions studied onto the 
fungal biomass under non-
competitive conditions were 
26.4 mg/g for As(III),54.8 
mg/g for Hg(II), 102.7 mg/g 
for Cd(Il) and 213.2 mg/g 
for Pb(II), respectively. 
Ma.ximum uptake for 100 
ppm Cu(II) and 100 ppm 
Cd(Il) ions were found to be 
17.8 mg g and 10.8 mg g. 
Respectively .The 
equilibrium uptakes for both 
Cu and Cd ions were 
attained within the first 10 
niin. 
Gupta et 
al.,2003 
Say etal.,2003 
Badillo-Almaraz 
et al.,2003 
Zhan and 
Zhao.,2003 
Bhattachargee et 
al.,2003 
Nget al.,2003 
Al-Asheh and 
Banat.,2003 
Chiron et 
al.,2003 
Lazaridis and 
Asouhidou,2003 
Gene et al.,2003 
Wang et 
al.,2003 
Kandah et 
al.,2003 
70 
Organosolv Lignin 
Sepiolite 
Goelhile 
Auricular ia 
polytricha 
Functionalized 
Silica 
Kaolinites 
Rice bran 
Maple Sawdust 
Anilinepropylsilica 
Xerogel 
Activated Carbon 
from Furfural 
Iron Oxyhydroxide 
Sewage Sludge Ash 
Clinoptilolile 
Silica Gel 
Amino Acid 
Modified Chitosans 
Sol-Gel Silica 
Doped with l-(2-
Pyridylazo)-2-
Napthol 
Cu(ll) 
Cu(II) and Zn(II) 
Phosphate and 
Arsenate 
Copper 
Heavy Metals Ions 
Ar(V) 
Ca(n) 
Cr 
Cu(II) 
Hg(II) 
Hexavalent 
Uranium 
Copper 
Cu(II), Fe(IlI) and 
Cr(III) 
Cesium 
Copper ions 
Cd Ions 
Bio sorption capacity of 
about 90% was obtained. 
The value of pHo, at which 
the surface charge is zero 
was found to be 5.5. 
It was observed that a so! 
gel loaded with 0.09 mmol 
PAN/g had a capacity of 
0.044 mmol Cd/g. 
Acemiolu et 
al.,2003 
L .I.Vico.2003 
Gao and | 
Mucci,2003 
Galli et al..2003 
Bio et al.,2003 
Cornu et 
al.,2003 
Navas and 
Carrasquero-
Duran ,2003 
Yu et al.,2003 
1 
Pavan et 
al.,2003 
Yardim et 
al.,2003 
Wazne et 
al.,2003 
Pan et al.,2003 
Inglezakis el 
al.,2003 
Bascetin et 
al.,2003 
Dchonor-Cjoniez 
Et al.,2003 
1 
Khan el al..2003 
1 
1 
Goelhile 
Penicillium 
chysugemim 
mycelium 
Minerals Matrix of 
Tropical Soils 
Kaolinite and 
Kaolinite-humic 
Acid Complexes 
Ce (IV)-doped Iron 
Oxide 
Gibbsite 
Montmorillonite-Ai 
hydroxide 
Rare earth metal-
doped iron oxide 
Alumina or 
Chitosan 
Low-Rank Coal 
(leonardite) 
Cu, Ni and Cd 
Ni(II) 
Heavy Metals 
As(V) 
As(V) 
As (III) 
Zn ion 
As (V) 
Heavy metals 
Zn 
The adsorption capacity for 
Ni(II) on to the surface 
molecular imprinting 
adsorbent on Penicillium 
chysogenum mycelium (the 
surface-imprinted 
adsorbents) was 40-45 mg/g 
(using 200mg Ni(II) /g), 
two times of the mycelium 
adsorbent. 
Utisol and Alfisol soils 
showed the highest 
maximum adsorption 
values,in the order of 50.76 
and 64.52 mmol/kg, where 
as some Oxisols showed the 
Lowest values, in the order 
of23.92 and 30.86 
mmol/kg. 
The cerium (Ce (IV))-doped 
adsorbent (CFA4) has the 
highest adsoption capacity. 
Effective removal of Zn (11) 
was demonstrated at pM 
values of 5-6. 
Buerge-Weirich 
and Behra,2003 
Su and Wang 
Fonts and 
Gomes,2003 
Saada et al.. 
2003 
Zhang et al.. 
2003 
Weerasoorixa et 
al., 2003 
Janseen 
etal.,2003 
Yu et al.. 2003 
Cervcra el al.. 
2003 
i 
Sole and I 
Casas.200'; 
i 1 
i 
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Maize cell walls 
Goethite 
Indigenous Low-
cost Material 
Gellen Gum Gel 
Beads 
Hydrolyzed 
Polyacrylonitrile 
Fibers 
Goethite 
Thiol Functional 
Adsorbent 
Pseudomonas 
Putida 
Modification of 
Furfural 
Kaolinitejllite and 
Montmorillonite 
Dithiocarbamate 
grafted on 
mesoporous silica 
Boron 
Hg and Cd 
Cr(VI) 
Heavy Metal 
Copper 
Uranium (VI) 
Hg (II) 
Cd, Cu, Pb and Zn 
Hg 
Barium 
Complexed 
Mercury 
Adsorption increased with 
increasing solution pH from 
4.5 to 10, exhibited an 
adsorption maximum at pH 
10-10.5, and decreased with 
increase in pH above 10.5. 
80% removal for all metal 
studied.The process of 
biosorption can be 
described by a Langmuir-
type adsorption model. 
Sabine Goldberg 
2003 
The enthalpy change 
accompanied by the 
sorption of mercury was 
found to decrease from 83.7 
to 6.2 kJ/mol, when the 
initial concentration of 
mercury was increased from 
5 10"4Mto 1.5 10" ^ M. 
Backstrom et al., 
2003 
Y.C.Sharma. 
2003 
Lazaro et al., 
2003 
Deng et al., 
2003 
Missasna et al., 
2003 
Nam etal., 2003 
Pardo et al., 
2003 
Budinova et al.. 
2003 
Atun and 
Bascetin 2003 
Venkatesan and 
Srinivasan, 2003 
Chitosan 
Rhizopus arrhizus 
Calcinied Zn/Al 
Hydrotalcite-like 
Coumpound (HTlc) 
Loess with high 
carbonate content 
Palm Fruit Bunch 
and Maise Cob 
Activated and Non 
activated Oak 
Shells 
Novel Dye-doped 
Sol-Gel Silica 
i 
Date Pits 
Micaceous 
Mineralof Kenyan 
Origin 
! 
i 
Powdered Marble 
Waste 
1 
! Silica Gel 
i 
Copper(II) 
Cr(VI),Cu(II) and 
Cd(Il) Ions 
Fluoride 
Copper 
Fe and Mn 
Copper 
Cobalt 
Cd Ion 
Cu(II) 
Cu(II) 
Zn(n), Ni(II) and 
Cd(ll) ions 
The adsorbents used 
removed the studied metal 
ions effectively. 
The Cu^+ ion uptake by oak 
shells increased with 
decreasing sorbent 
concentration or with an 
increase in CuH ion 
concentration or solution 
pH. 
The maximum adsorption of 
Co(II) ions onto the TAR-
doped sol-gel silica from 
single solutions was 12.6 
[imol/g. 
The kinetic data for the 
adsorption process obeyed a 
second-order rate equation. 
An adsorption capacity of 
0.850g/g was achieved for 
MicaM towards the Cu^+ 
ion. 
100% CuH ions was 
attained. 
The selectivity of the solid 
was observed to be in the 
orderZn(in>Ni(Il)>Cd 
(II). 
Cheung et 
al.,2003 
Sa et al..2003 
Das et al..2003 
Ni Jinren,2003 
Nassar et 
al.,2003 
Al-Ashehet al., 
2003 
Khan et al.,2003 
Banatet al.,2003 
Attahiru et 
al..2003 
Ghazy et 
al..2003 
Mustafa ct 
al..2003 
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Clinoptilolite 
Mineral 
Surfactant-
Modified Zeolites 
Sugarcane Bagasse 
Pith 
Granular Ferric 
Hydroxide 
Vineyard soils of 
Geneva 
Peat 
Chicken Feathers 
Galena (PbS) and 
Sphalerite (ZnS) 
Pb,Ba 
Radioactive Iodide 
Na-montmorillonile 
Natural Materials 
Calcium Alginate 
Beads Containing 
Humic Acid 
Alunite 
Cd(Il) 
As 
Cu 
Metals Ions 
Heavy Metals 
Arsenite 
Heavy Metals 
Pb ions 
Cr 
Phosphate 
Modified forms exhibited 
an adsorption capacity 
much higher than those of 
the respective natural 
samples. 
Good agreement b/w the 
predicted theoretical 
breakthrough curves and the 
experimental results are 
observed. 
Arsenite sorbed appreciably 
only at pH > ~5 for PbS and 
pH ~ 4.5 for ZnS, behavior 
distinct from its adsorption 
on other substrates. 
Cakicioglu-
Ozkan and 
Ulku,2003 
Faghihian et 
al.,2003 
Krishnan and 
Anirudhan,2003 
Thirunavukkaras 
-u et al.,2003 
Celcirdin et 
al.,2003 
Ko et al..2003 
Al-Asheh et 
al.,2003 
Bostick et 
al.,2003 
Abollino et 
al..2003 
Abdel-Halem et 
al.,2003 
Pandey et 
al.,2003 
Mahmut 0/acar 
.2003 
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High-performance 
Activated Carbons 
Activated Carbon 
by Complexation 
with Surface 
Functional Groups 
Vegetated Filter 
Strips 
Rice Straw 
2-aminothiazole-
modified silica gel 
Organic Manure 
Penicillium 
crysogenum 
A 1.10 
Phenenthroline-
grafted Brazalian 
Bentonite 
Caustic Treated 
Waste Baker's 
Yeast Biomass 
AmberliteIR-]18H 
resin 
Activated Carbon 
Turbid River Water 
Cr 
Pb(II) and Cu(II) 
Phosphorus 
Selenate 
Cu,Ni and Zn 
Cu 
Metals Ions 
Cu Ions 
Copper Ions 
Uranium 
Pb(II).Cd(]l)and 
Cr(V]) 
Cu and Ni 
The average phosphorus 
trapping efficiency of all 
vegetated filter was 6 1 % 
and range from 31 % in a 2 
meter filter to 89% in 15-m 
filter 
The adsorption capacities of 
SiAT determined for each 
metal ion were (mmol/g): 
Cu(II)=120,Ni(II)=110and 
Zn(II) =090. 
Hu et al.,2003 
Pesavento et 
al.,2003 
Abu-Zreig, et al; 
2003 
Zhang and 
Frankenberger 
Jr,2003 
Rolden et 
al.,2003 
Bolan et 
al..2003 
Tan and 
Cheng,2003 
De Leon et 
al.,2003 
Goksungur et 
al..2003 
Kilisliogiu and j 
Bilgin.2003 j 
Ri\era-lJtrilIa el I 
al ..2003 
I 
Herzl et al,.2003 i 
28 
Pseudomonas 
Putida 5-x Isolated 
from electroplating 
Effluent 
Turbid River Water 
Low Cost Materials 
Regenerated Sludge 
from a Water 
Treatment Plant 
Chitosan 
Sand 
Cu(Il) 
Cu and Ni 
Fe and Mn 
Cu and Pb ions 
Zn(II) 
Heavy Metals 
Tea Leaves and 
Coffee Beans 
iron-Conditioned 
Zeolite 
Carbonaceous 
Materials Prepared 
from Bamboo and 
Coconut Shell 
Sawdust Carbon 
Vaterite 
Modification of 
Calcium Carbonate 
Activated Coke 
from Wood Pellet 
Sepiolite 
Iron-Modified 
Zeolite 
Bone charcoal 
Hg 
Arsenic 
Nitrate Anion 
As(IlI) 
'«Sr and ''Y 
Hydrogen Sulfide 
Cobalt 
As 
Cu and Zn 
Wang et 
al.,2003 
Herzletal.,2003 
Nassar et 
al.,2003 
Wu et al.,2003 
Zhiguang 
al.,2003 
Awan et 
al.,2003 
Kiyohara 
al.,2003 
Onyango 
al.,2003 
Ohe et al. 
et 
et 
et 
,2003 
Nagamaik et 
al.,2003 
Berdonosov and 
Berdonosova.. 
2003 
Mitomo et 
al..2003 
Kara etal..2003 
Onyango et 
al..2003 
Wilson and 
Pulford.2003 
29 
Activated Carbon 
from Acidic Media: 
Nitrate and Sulfate 
Media 
Activated Carbon 
from Coconut Coir 
pith 
Iron-Oxide Coated 
Sand 
Silver 
Cd(II) 
As 
Sulfate-Modified 
Iron-Oxide Coated 
Sand (SMIOCS) 
Low Cost and 
Waste Material 
Muloorina Illite and 
Related Clay 
Menirals 
Calabrian Pine Bark 
Activated Carbon 
Sandy Loam Soil 
Crosslinked 
chitosan 
Lactiica Saliva L 
c\'.Ostina(a 
Natural Zeolite 
As(III) 
Cu and Cd Ions 
Cd(II) 
Fe(II) 
Sulfur and 
Nitrogen 
Pb(II) 
Vanadium(V) and 
Tungsten(VI) 
Cd(ll) 
Zn,Cu and Pb 
The batch and column 
studies showed that iron-
oxide coated sand filtration 
could be effectively used to 
achieve less 5 [igl"' As in 
drinking water. 
Jiaetal..2003 
Of all the adsorbents 
studied, bentonite and 
compost presented the 
highest removal efficiencies 
, reaching 99% for Cu when 
Cd is also present, for initial 
solution concentrations of 
up to lOOmgf. 
Kadirvelu and 
Namasivayam. 
2003 
Thirunavukkara-
-su and 
Viraraghavan 
,2003 
Vaishya and 
Gupta,2003 
Ulmanu et al. 
2003 
Lackovic et 
al.,2003 
Bilal Acemiolu. 
2004 
Sano et al,2004 
Chih-Huang 
Weng.2()04 
Quin et al..20(i4 
Waisberg et 
al.2004 ' 
Peri et al..2004 
30 
Silica-dithizone 
Sandy Loam Soil 
Activated 
Neutralised Red 
Mud 
Chryseoinonas 
luteola TEM05 
Aluminium oxide 
Cross linked 
Alginate Gel Beads 
Alginate-Chitosan 
Hybrid Gel Beads 
Wood Saw dust 
Ceralophyllum 
demersum 
Ecklonia maxima 
Brown,Green and 
Red Seaweeds 
Tree Fern 
Sireptomyces 
coelicolor A3(2) 
Montmorillonite 
Hematite 
Hg(II) 
Pb(II) 
As 
Cr and Al 
Ferrocynide 
Cu and Mn 
Divalent Metals 
ions 
Heavy Metals Ions 
Heavy Metal 
Heavy Metal 
Cd 
Cd(II) 
Ni(lI)andCu(II) 
Quaternary 
Ammonium salts 
Phosphate 
Certari et 
al,2004 
Chih-Huang 
Weng,2004 
Genc-Fuhrman 
et al.,2004 
Ozdamir and 
Basal.2004 
Bushey and 
Dzombak,2004 
Gotoh et al2004 
Gotoh et al,2004 
Sciban and 
Klasnja,2004 
Keskinkan et al. 
2004 
Feng and 
Aldrich,2004 
Hashim and Chu 
2004 
Ho and 
Wang,2004 
Ozturk et 
al.,2004 
Kozak and 
Domka,2004 
Xiao 
Huang,2004 
31 
Aluminium 
Impregnated 
Mesoporous 
Silicates 
Kaolinile and 
Muloorina lUite 
Chineese Reed 
(Miscanthus 
sinensis) 
Bone char 
Activated alumina 
Chlorella vulgaris 
Neutralized Red 
Mud(Bauxsol) 
Savanna Alfisol 
Bagasse Fly Ash 
Sepiolite 
Iron Oxide Tailings 
Treated Sawdust 
Humic substance 
Zn(IV) substituted 
ZnAl/MgAI-layered 
Double Hydroxide 
Activated Rice 
Husk 
1 Hazelnut Shell 
1 
Phosphate 
Cd(II) 
Cr(IlI) 
Metal ions 
Fluoride 
Cu 
Arsenate 
Cu and Zn 
Pb and Cr 
Ammonium ion 
Phosphate 
Cr 
Cu(II) 
Cr(Vl) and Se(II) 
Cr(VI) 
Cr(Vl) 
Shin et al..2004 
Lackovic et 
al,2004 
Namasiyam and 
Holl,2004 
Choy et al,2004 
Ghorai and 
Pant,2004 
Chu and Hashim 
,2004 
Genc-Fuhrman 
et al,2004 
Agbenin and 
Olojo,2004 
Gupta and 
Ali,2004 
Suna Balci,2004 
Zeng et al,2004 
Garg et al 2004 
Alvarez-Puebla 
et ai,2004 
Das et al,2004 
Bishnoi et 
al,2004 
M.Kobya,2004 
Surfactant Modified 
Zeolite 
Alumina Particles 
Fonlinalis 
antipyrelica 
Alginate coated 
Loofa Sponge Disc 
Phosphoric Acid 
Activated Carbon 
Fe-modified Steam 
Exploded Wheat 
Straw 
Poly acrylonitrile-
Immobilized dead 
cells of 
Saccharomyces 
Cerevisiae 
Bone char 
y-type Alumina 
Particle 
Mangenese Dioxide 
Complexes 
Herbaceous Peat 
Montmorillonites 
Granular Activated 
Carbon 
Activated Carbon 
I 
! CJDethite 
I 
i 
[ Chilosan 
Chromate 
Ni(Il) 
Cd(ll) and Zn(ll) 
Cd 
Heavy metals ions 
Cr(VI) 
Cu(II) 
Metal ions 
Ni(Il) 
Co,Ni,Cu and Zn 
Cu(II) 
Cu 
Fe (III) and 
Fe(III)NTA 
Complexes 
Hg 
Cadmium and 
Phosphate 
Cu 
Zhaohui Li,2004 
Hong et al.2004 
Martin el 
al,2004 
M.Iqbal,2004 
Puziy et al,2004 
Chun et al,2004 
Godjevargova 
and Mihova , 
2004 
Ko et al,2004 
Hong et al,2004 
Kanungo et 
al,2004 
Gundoan et 
al,2004 
Ding and 
Frost.2004 
D.S.Kim,2004 
Ho et al,2004 
Wang and Xing 
2004^ 
Wan et al,2004 
J J 
Aquatic Moss 
Fontinalis 
antipyretica 
Moroccan 
Stevensite 
Low cost biological 
waste and 
vermiculite 
AmberliteIR-120 
Synthetic resin 
Extra cellular 
polysaccharides 
(EPS) Produced by 
activated sludge 
bacterium 
Chryseomonas 
luteola TEM05 
Activated Charcoal 
Sea Nodule 
Residues 
Chitosan-based 
Polymeric 
Surfactants 
Coffee Ground as 
Vegetable Biomass 
Activated Carbons 
from Organic 
Sewage Sludge 
Zn(II) and Cd(II) 
Metals ions 
Cr 
Cu ,Zn ,Ni,Pb and 
Cd ions 
Cu(II)andNi(II) 
Erbium Ions 
Lead 
Hexavalent 
Chromium 
Pb ions 
My 
The maximum adsorption 
capacities in Langmuir 
isotherm for calcium 
alginate, calcium 
alginate+EPS, 
calcium alginate+C 
./ufeo/aTEM05, 
calcium alginate+C 
.luteolaTEUQ5+ 
EPS were 1.505,1.989,1.976 
, 1.937mmol/g dry weight of 
Cu(in 
and 0.996,1.224, 
1.078,1.219 mol/g dry 
weight of Ni(II), 
respectively 
pH.6.0, temperature 25°C. 
Ramiro et 
al„2004 
Benhammon et 
al,2005 
Sumathi et 
al,2005 
Demirbas el 
al,2005 
Ozdemir and 
Manav,2005 
Rias 
Qadeer.2005 
Agrawal et 
al.,2005 
Lee at al..2005 
Tokimoto et 
al..2005 
Zhang ct 
al..2005 
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Etanol treated 
Baker s Yeast 
Biomass 
Cd and Pb ions 
Mulch 
Thuja Oriantalis 
Montmorillonite 
Alluvial Gravel 
Aquifer Media 
Heavy Metals 
Cr(VI) 
Zn(II) 
Bacteria-facilitated 
Cd transport 
Silica ,Gibbsite and 
Humic Acid 
Nanosized 
Sn02,synthesized 
by self propagating 
Combustion 
reaction 
Black gram 
husk(BGH) 
Fe(II) and Mn(Il) 
Pb(Il) 
Pb, Cd,Cu. and Zn 
Maize Bran Pb 
The maximum metal uptake 
values (qmax, mg/g) were 
found as 31.75 and 60.24 
for Cd (II) and Pb (II), 
respectively. The 
competitive biosorption 
capacities of the yeast 
biomass for all metal ions 
were found to be lower than 
in non competitive 
conditions 
Bacteria-facilitated transport 
of heavy metals may pose 
threat to ground water 
quality in sites such as land 
fills and following disposal 
of industries and domestic 
effluent and sludge 
The maximum amount of 
heavy metals(qniax) adsorbed 
at equilibrium was 
49.97,39.99,33.81,25.73 and 
19.56 mg/g BGH biomass 
forPb. Cd. Cu. andNi. 
respeptivcly. 
Goksungur et 
al.,2005^ 
Jang et al.,2005 
Ensar Oguz. 
2005 
Ikshan et 
al,2005 
Pang et al,2005 
Saekiet al.,2005 
Lagashetty et 
al.,2005 
Saeed et 
al..2005 
K.K.Singh ct 
A1..2006 
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Activated 
Eucalyptus Bark 
Activated Carbon 
from Peanut shell 
Palm Shell 
Activated Carbon 
Cross Linked 
Chitosan 
Carbon Aero gels 
Mimosa and 
Valonia Tannin 
Resins 
Cotton stalk cation-
exchangers 
Cr 
Metals 
Pb 
Cr (VI) 
Silver 
Metals 
Heavy metals 
Virant Sarin et 
al .,2006 
Kermil Wilson 
et al., 2006 
Gulnaziya 
Issabayevaet al., 
2006 ' 
Nalini 
Sanharama 
Krishnan et al, 
2006 
Shuting Zhang 
etal.,2006 
Mahmut Ozacar 
et al..2006 
A M A Nada et 
al..2006 
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Table! .3: Summary of various adsorbents used for the removal of organic pollutants 
from wastewater (2000- 2006) 
Adsorbent Organic pollutant Remark Reference 
Bagasse fly ash 
Aspergillus niger 
Rice bran 
Coated Activated 
Carbon from 
Palm seed coat 
Long flame coal 
of Donbas and 
Carbon Sorbents 
Fly ash 
Rhcdamine B and 
methylene blue 
Acidic and Basic 
dyes 
Colour based 
effluent 
Nitrobenzene, 
Benzoic Acid, 
Phenol and Aniline 
o-Cresol 
Petroleum products 
Dyeing waste water 
Thermodynamic 
parameter indicated 
feasibility of the 
process 
Follow first order 
kinetic expression and 
the Langmuir 
equation. 
First order reversible 
kinetics. The process 
is spontaneous in 
nature. 
95% removal of o-
Cresol 
.Freundlich 
adsorption isotherm 
gives calculated 
adsorption capacity of 
19.58 mg/g. 
Decolourization 
efficiency reached 91-
99% under conditions 
of fly ash dosage 
0.04-0.08 
g/ml,adsorption time 
3 hrs ,pH- 2-10 and 
dye concentration 10-
600mg/g 
Gupta etal.,2000 
Anjaneyulu and 
Bindu.,2000 
Kesarwani et 
al.,2000 
Koh and 
Nakajima.,2000 
Rengaraj et 
al.,2000 
Stupin et al.,2000 I 
Yan etal..2000 
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Bagasse fly ash 
Natural porous 
Coal 
Kaolinite 
Orange peel 
Activated 
Carbon from 
coconut shell 
Granular 
Activated 
Carbon and 
Natural Zeolites 
Recycled Alum 
Sludge (RAS) 
1 
Rice husk carbon 
1 
2,2-Bis 
(4chlorophenyl)-
1,1-dichloroethane 
and 2,2-Bis(4-
chlorophenyl)-
1,1 dichloroethene 
Aromatic 
Compounds 
Sodium oleate 
Acid Violet 17 
Methylene blue 
Basic dyes 
Textile dye waste 
Basic dyes 
< 93% removal at pH-
7. 
The adsorption 
process on Kaolinite 
is found to follow a 
two step-first order 
kinetics rate equation 
with two different (Ki 
and Ki) rates 
constants. 
The adsorption 
capacity was 19.88 
mg/g at initial pH 6.3 
The 150|im particle 
size gave better 
adsorption than 355 
|xm particle size 
RAS is good way Of 
removing 
hydrophobic dye from 
waste water .RAS is 
not recommended for 
removing hydrophilic 
dye. 
Removal of dyes was 
found to increase with 
increase in dye 
concentration and pi i 
of the solution 
Gupta and 
Ali,2001 
j 
Tarasevich,Y.l., 
2001 
Xuetal.,2001 
1 
Shivaraj et al., 
2001 
Gimbaetal.,2001 
Meshkoetal..2001 
W.Chu.2001 
Singh and 
Shivastava,2001 
Rice Bran 
Organo-minerals 
Japanese cedar 
bark 
Activated 
Carbons 
Coir pith 
Anion-exchange 
resins 
Muscovite and 
Hematite 
Natural and 
synthetic 
adsorbents 
Activated 
Carbon Fiber 
Almunium 
containing 
Mesoporous 
SiHca Flims 
Organic 
Compound 
Organochlorine 
Compound and 
Benzene. 
Phenol, benzene 
and toluene 
Trichloroethylene 
Cationic and 
anionic dyes 
Dyes 
Carboxylic acid 
Natural organic 
matter 
Limonin and 
naringin from 
orange juice 
Dye 
Methylene blue 
Activated Carbons 
from Pine Waste 
The adsorption 
capacity of the bark 
pyrolyzed at 900°C 
was 5 times larger 
than that of common 
activated carbon 
Atsukoetal..2001 
Koh and Doxon 
2001 
Kurimoto et 
al.,2001 
Follow first order 
kinetics. 
The estimated value 
of free energy of 
adsorption, lower than 
-133kJmoPK"', 
indicate that a 
physiosorption 
process occurred. 
Methylene blue was 
adsorbed effectively 
on mesoporous Silica 
flims from solutions. 
High benzene 
adsorption rates 
Al-Degs et 
al.,2001 
Namasivayam et 
al.,2001 
Kanazava et 
al.,2001 
Namjesnik and 
Maurice,2001 
Ribeiro et al.,2002 
Ko et al.,2002 
Yoshikawa et 
al.,2002 
Garcia-Garcia et 
at..2002 
Calcinted 
Alunite and 
Granular 
Actuvaled 
Carbon 
Bone-like 
Carbonated 
Calcium 
Phosphates 
Low -Molecular-
Weight Polyacr-
-ylic Acid 
Cement Kiln 
Dust 
Activated 
Bleaching Earth 
Sludge Ash 
Acid Dyes 
Rice Husk Ash 
of Kenyan 
Origin 
Low-Cost 
Material 
Activated 
Carbon 
Chitosan 
encapsulated 
Activated 
Carbon 
Activated 
Carbon 
Aminoacids 
Silica,Alumina and 
Kaolin 
Cationic dyes 
Paraquat 
New Coccine Dye 
Phenolic 
Compounds 
Victoria Blue 
Acid Dyes 
Dyes and Humic 
I Acid 
p-Cresol and p-
Nitrophenol 
Ozacar and 
Sengil,2002 
The ash adsoption 
capacities for the dye 
were in the range 
3.25-5.70mol/g and 
were affected by the 
pH, ionic strength and 
temperature. 
Victoria blue is 
physically adsorbed 
onto the perlite 
Surface activity may 
vary as a function of 
surface coverage. 
Bihi et al.,2002 
Zaman et al.,2002 
Nassaret al.,2002 
Tsai et al.,2002 
Chih-Huang 
Weng,2002 
Mbui et al.,2002 
Demirbas et 
al.,2002 
Ko el al.,2002 
Wu et al..2002 
Nouri et al..2002 
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HDTMA 
Modified Kaolin-
-ite and 
Halloysite 
Metal 
(hydr)oxides 
Activated 
Carbon 
Ti02 
Photocatalysis 
Novel Chitosan 
Gel Modified by 
Phenyl boronate 
Activated 
Carbon 
Montmorillonite 
based Filler Clay 
Activated 
Carbon 
Activated 
Carbon Fibres 
1 
i 
• l,i\e and Dead 
1 Miroalgal Cells 
! Spherical 
i Activated 
i Carbons from oil 
1 Agglomerated 
Biiuminous 
j 
! 
Naphthalene 
Simple Organic 
Acids 
Aromatic 
Compound 
2-chlorophenol 
Glucose 
Dissolved Organic 
Matter 
Fatty Acids 
Organic 
Contaminants 
Trace Volatile 
Organic 
Compounds 
Tribulyliitin (TBI) 
Organic Impurities 
ACFs with specific 
surface areas of 620 
mVgand 1460 m7g 
were used to adsorb 
trace volatile organic 
compounds in 
nitrogen streams at 
atmospheric pressure 
at or near room 
temperature 
(25 "C and 30 T ) . 
Lee et al.,2002 
G.Horanyi 2002 
Haghseresht et 
al.,2002 
Ilish et al.,2002 
Matsumoto et 
al.,2002 
Li et al.,2002 
Khalil et al.,2002 
Schmotzer et 
al.,2002 
Huang et al.,2002 
Tarn et a)..2002 
Grygehvicz et 
al.'2002 
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Activated 
Carbon 
Activated 
Carbon 
Sepiolite 
Granulated Iron 
Hydroxide 
Amidoximated 
Cellulose 
Granulated 
Activated 
Carbon 
Acid-and Heat-
activated 
Sepiolites 
l.l'-Dimethyl-
4,4'-
bipyridinium-
smectites 
Carbonaceous 
Materials from 
Wood Chips 
Bagasse Fly Ash 
Wheat Straw, 
Corncobs and 
Barley Husk 
GAC 
Aromatics 
Compounds 
Organic 
Contaminants 
Quaternary Amines 
Reactive Dyes 
Dyes 
Chlorobenzene 
Cationic 
Surfactants 
Phenols 
BisphenolA 
Lindane and 
Malathion 
Dye 
Lindane 
rucal\ptus Barks Dyes 
Chitosan Blood Protein 
High-capacity 
adsorption on GAC 
up to about 450 mg 
per gram. 
The increase in the 
basal spacing by the 
reaction with phenols 
indicates a change in 
the interlayer 
microstructure. 
Haghseresht et 
al.,2002 
Schmotzer et 
al.,2002 
Sabah and 
Celik,2002 
Kornmuller et 
al.,2002 
Saliba et al.,2002 
Lorbeer et al.,2002 
Sabah et al.,2002 
Okada and Ogava 
2002 
Nakanishi et 
al.,2002 
Gupta et al.,2002 
Robinson et 
al.,2002 
Sotelo et al.,2002 
Saliba ct ai..2()02 
Benesch and 
lenuvall.2002 
Poly(trimethyle-
-ne Terepthalate) 
Granulated 
Activated 
Carbon 
Treated Cotton 
Activated 
Carbons 
Carbon Blacks 
Activated 
Carbon 
Activated 
Carbon 
Activated 
Carbon 
Preloaded with 
Humic 
Substances 
Modified Cotton 
Corncob and 
Barley Husk 
Bentonite and 
i Perlite 
Organobentonite 
Graft 
Copolymers of 
Sawdust/Vinyl 
Monomers 
Goethite and 
Kaolinite 
Disperse Dyes 
Pesticide 
Acid Dyes 
Olive Mill Waste 
Ionic Surfactant 
Phenol 
Aromatics 
compounds 
Trichloroethylene 
Dye 
Artificial textile 
Dye Effluent 
P-chlorophenol 
Phenol 
Dye 
Anthracene 
Yang et al.,2002 
Matsui et al.,2002 
Bouzaida and 
Rammah,2002 
Galiatsatou rt 
al.,2002 
Gonzalez-Garcia et 
al.,2002 
Polaertet al.,2002 
Nouriet al.,2002 
Kilduffand 
Karanfil,2002 
Khalfaoui et 
al.,2002 
Robinson et 
al.,2002 
Koumanova and 
Peeva-Antova 
,2002 
Yun-Hwei 
Shen,2002 
Wang et al.,2002 
Angovect al.,20()2 
Kaolinite and 
Montmorillonite 
Carbons 
Bone-like 
Carbonated 
Calcium 
Phosphates 
Coal Based 
Sorbents 
Rhizomucor 
pusillus 
Activated 
Carbon 
High Surface 
Activated 
Charcoal 
Paper 
Treated Cotton 
Modified Cotton 
Activated 
Carbon 
Montmorillonites 
Sepiolite 
Kaolinite 
Activated 
Carbon Fiber 
Quinoline 
Paracetamol 
Amino acid 
Direct azo dye 
Colour from a 
Bleach plant 
Effluent 
Aromatic 
Compounds 
Acetaminophen 
(Paracetamol) 
Dyes 
Acid Dyes 
Dye 
Nitrophenol 
Dinitrophenol 
Diquat, Paraquat 
and Methyl Green 
Methylene Blue 
Dye 
Burgos et al.,2002 
ArtuP.Terzyk.2002 
Bihi et al.,2002 
Mohan et al.,2002 
Christov and 
Driessel,2002 
Haghseresht et 
al.,2002 
Hoegberg et 
al.,2002 
Wang et al.,2002 
Buuzaida and 
Rammah .2002 
Khalfaoui et al.. 
2002 
Chern and 
Chien.2002 
Shenget al.,2002 
Rvtwo ct al..2002 
Ghosh and 
Bhatlaaeharyya. 
2002 
Koctal..2002 
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Rubber Seed 
Coat 
Silica support 
cyclodextrin 
Derivatives 
Rice Bran 
Zirconium 
Pillared clay 
Activated 
Carbon 
Carbon Blacks 
Activated Sludge 
Biomass 
Activated 
Carbons 
Produced from 
Waste Tyre 
Rubber 
Activated 
Carbons Immob-
-ilized with 
Pseudomonas 
piitida 
Chemically 
Modified 
Chitosan Beads 
Granulated Iron 
Hydroxide 
Bentonite Clays 
Low-cost 
Adsorbent 
Activated 
Carbon 
Phenol 
Organic Pollutant 
Chloroform 
Tannic Acid 
Benzene and 
Methylethylketone 
Ionic Surfactant 
Basic Dyes 
Organic Compound 
Phenol 
Indomethacin 
Reactive Dyes 
Polyethyleneimine 
Anionic Surfactant 
Acetaminophen 
Rengaraj et 
al.,2002' 
Phanetal.,2002 
Adachietal.,2002 
Anirudhan and 
Vinod,2002 
Huang et al.,2002 
Gonzalez-Garcia et 
al.,2002 
Chu and 
Chen,2002 
Miguel et al.,2002 
Annadurai et 
al.,2002 
Mi et al.,2002 
Kornmuller et 
al..2002 
Oztekin et al..2002 
Purakayastha el 
al.,2002 
Nakamura et 
al..2002 
45 
Activated 
Carbon 
Activated 
Carbons 
Chitosan 
Silica Modified 
with Humic 
Acids 
Low-cost 
Adsorbents 
Perlite 
Coal 
Activated 
Carbons 
Pecan Shell and 
Almond Shell 
based Granular 
Activated 
Carbons 
Activated 
Carbons from 
Peanut Shells 
Activated 
Carbons from 
Data Pits 
Impregnated 
with Potassium 
Hydroxide 
Natural 
Ciinoptilolite 
Activated 
Carbon 
VOCs 
Chlorinated 
Organic 
Compounds 
Acid Dyes 
Indigo Carmine 
Dye 
Basic Dye (basic 
Red) 
Methyl Violet 
Sodium Dodecyl 
Benzenesulfonate 
Phenol 
Volatile Organic 
Compounds 
Organic 
Compounds 
Methylene Blue 
1.2-Dichloroethane 
2-Naphthalene 
sulfonate 
A useful correlation 
for the calculation of 
the affinity coefficient 
as a function of 
relative parachor is 
presented. 
The adsorption 
capacity increased 
from 80.3 mg to 
123.1 mg/g upon 
chemical activation. 
Chuangetal.,2003 
Bemnowska et 
al.,2003 
Wong et al.,2003 
Prado et al.,2003 
Gupta et al.,2003 
Doan and 
Alkan,2003 
Mishra et al 2003 
Fernandez et 
al.,2003 
Bansode et 
al.,2003 
E.Elio Gonza,2003 
Banat et al.,200: 
Pilchowski and 
Chniieleeska,2003 
Chang et al.,2003 
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Diatomaceous 
Clay 
Activated Clay 
Diatomaceous 
Earth 
Bituminous 
Shale 
White rot fungus 
{Fames Uvidus) 
Activated 
Bentonites 
Soil 
Activated 
Carbon 
Activated 
Carbons from 
Surplus Sewage 
Sludge 
Natural and 
Modi tied 
Zeolites 
Basic Dye 
Dyes and 
Surfactants 
Dyes from Textile 
Waste 
Basic Blue 41 Dye 
Azo dye and dye 
industry effluent 
Phenol 
Triasulfuron 
Chloroacetanilide 
Herbicides 
Dyes 
Azo Dves 
It was found that the 
smaller the particle 
size,the higher the 
adsorption. The 
adsorption capacity 
increased with 
temperature. 
In batch mode 
treatment, a 
maximum 
decolorization of 
84..4% 
was achieved on day 
4,and in continuous 
mode a maximum 
decolorization of 
37.5% was obtained 
on day 5. 
Shawabkeh and 
Tutunji ,2003 
Espantaleon et 
al.,2003 
Al-Ghouti et 
al.,2003 
Muftuoglu et 
al.,2003 
Selvam and 
Swaminathan.2003 
Al-Asheh et 
al.,2003 
Pusino et al.,2003 
Gustafsan et 
al.,2003 
Martin et al.,2003 
Armaanet al.,2003 
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Activated 
Carbon 
Adsorbent 
Material from 
Sewage Sludges 
Granular 
Activated 
Carbons 
Polymer-Based 
Activated 
Carbons 
Surfactant 
Modified 
Sepiolite 
Diatomaceous 
Material 
High -Silica 
Zeolites 
Low-cost Coir 
Pith Carbon 
Activated 
Carbon 
Granular 
j Activated 
' Carbon 
! 
Dolomitic 
: Sorbents 
i 1 
P\rolyzed oil 
i shale residue 
Phenol 1 
Methylene Blue 
Volatile Organic 
Compounds 
Phenol and 2,3,4-
Trichlorophenol 
Negatively 
Charged 
Azo Dyes 
Acetaldehyde 
VOC 
2-chlorlphenol 
Carbon 
Tetrachloride and 
Chloropenol 
Acetone,Methyl 
Ethyl Ketone, 
1.1.1-
Trichloroethane 
,and 
Trichloroethylene 
Dye 
Phenol 
Salme and 
Bandosz,2003 
Otero et al.,2003 
Aizpuru et al.,2003 
Laszloet al.,2003 
Armagan et 
al.,2003 
Kanno et al.,2003 
Monneyron et 
al.,2003 
Namasivayam and 
Kavitha ,2003 
Shim et al.,2003 
Pires et al.,2003 
Walker etal..2003 
Al-Aseh el 
a!..2003 
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Activated 
Carbon 
Neem Leaf 
Powder 
Shale Oil Ash 
Bentonites 
Modified with 
Single or Dual 
Quaternary 
Ammonium 
Cations 
Fuller's Earth 
Activated and 
Non-activated 
Oak Shells 
Phenolic 
Compound 
Brilliant Green Dye 
Dyes 
Organic 
Compounds 
Methylene Blue 
Phenol and Dyes 
Rayon-based 
Activated 
Carbon Fibers 
Kaolinite 
Tobermorite 
Activated 
Carbon 
Formaldehyde 
Poly(vinylpyrrolid-
-one) and Sodium 
Dodecylbenzenesu 
-fonate 
Natural Organic 
Polyelectrolytes 
Benzoic Acid and 
P-nitrophenol 
Garcia-Araya et 
al.,2003 
Bhattacharyya and 
Sarma, 2003 
Al-Qodah and 
Lafi,2003 
Gonulsen et 
al.,2003 
Atun et al.,2002 
Al-Asheh et 
al.,2003 
Rong et al.,2003 
Torn et al.,2003 
Kaneco et al.,2003 
Chcrn and 
Chicn.2003 
49 
Activated Sludge 
Iron Oxide 
Activated 
Carbon from 
Apricot Stones 
Clinoptilolite 
Chemical Cross-
linked Chtosan 
Beads 
Rice Husk-based 
Activated 
Carbon 
Activated 
Carbon from 
Sawdust and 
Rice-husk 
Heat Treated 
Kerolites 
Modified Peat-
Resin Particle 
Activated 
Carbon Clothes 
Waste Metal 
Hydroxide 
Sludge 
Poly(acrylamide-
co-acrylic Acid) 
Hydrogels 
Pine Bark 
1 
Basic Dye (maxilon 
Red BL-N) 
Residual Organic 
Matter 
p-chlorophenol 
Cationic 
Surfactants 
Dye 
Malachite Green 
Acid Yellow 36 
Atrazine 
Basic Dyes 
Dyes 
Azo Reactive Dyes 
Methyl Violet 
Lindane and 
Heptachlor 
Chemically activated 
oil shale, pretreated 
with ZnCb, gave the 
highest uptake of 
phenol. 
The capacity of the 
activated carbon used 
to adsorb thes.e 
compounds 
Presented the 
following order: 
syringic acid > p-
hudroxybenzoic acid 
> gallic acid. 
The adsorption 
affinity on dual-
modified bentonites 
was generally lower 
than that on single-
modified bentonites . 
Interaction among the 
different operating 
variables played a 
role in the uptake of 
phenol or Methylene 
Blue dye by the 
adsorbent considered. 
Basibuyukand 
Forster,2003 
Choc and Kang 
,2003 
Koumanova et 
al.,2003 
Ersoy and 
Celik,2003 
Chiou and Li,2003 
Quo et al.,2003 
P.KMalik,2003 
Gonzalez-Pradas et 
al.,2003 
Sun and 
Yang,2003 
Metivier-Pignon 
et al.,2003 
Netpradit et 
al.,2003 
Solpan et al..2003 
Ratola et al..2003 
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Calcinated 
Alunite 
Sewage Sludge 
Apple Pomace 
Powdered 
Activated 
Charcoal 
Activated 
Carbon Fibre-
based Monoliths 
Adsorbent from 
Elutrilithe 
Pine Bark 
Limed Forest 
Soil 
Cholesterol 
Surface 
Organomont-
-morillonites 
Granular 
Activated 
Carbon 
Activated 
Carbon 
Soils 
Periite 
Dves 
Organic Water 
Pollutants 
Pectin and Phenolic 
Compounds 
Ammonium 
Dinitramide(AND) 
Volatile Organic 
Compounds 
MCPA(4-Chloro-2-
Methylphenoxy-
Acetic Acid) 
Lindane 
Low Molecular 
Weight Organic 
Acids 
Dyes (Methylene 
Blue and Acridine 
Orange and their 
Mixtures) 
Toluene Vapors 
Resorcinol and 
Catechol 
Olive Mill Eftluent 
Waste water 
Triazine Herbicides 
Methvl Violet 
Ozacar and Sengil 
2003 
Otero et al.,2003 
Schieber et 
al.,2003 
Santhosh et 
al.,2003 
Fuertes et al.,2003 
Mehmet 
Mahramanlioglu, 
2003 
Ratola and 
Botelho,2003 
Van Hees and 
Jones,2003 
D.Palit,2003 
Muminov and 
Gulyaamova,2003 
Kumar et al.,2003 
Azzani et al,2003 
Yang et al.,2003 
Dogan Alkan,2()03 
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Activated 
Carbons 
Synthetic Rubber 
Mesoscopic 
Mica Flakes 
Mesoporous 
Silica 
Kaolinite 
Cross-linked 
Chitosan Beads 
Chitosan 
Activated 
Carbon 
Ion-exchange 
resins 
Mesoporous 
Minerals 
Polyachrylic 
Acid-bound Iron 
Oxide Magnetic 
Nanoparticles 
Aminosilane 
Modified Ti02 
Surface 
Prosopis 
cineraria an 
Agro-industry 
waste 
Drv Soil 
Polycyclic 
Aromatic 
Hydrocarbon 
Ethoxylated Nonyl 
Phenol 
Cyanine Dyes 
Proteins 
Phenoxy acetic acid 
Herbicides 
Anionic Dyes 
Acid Dyes 
2-mercaptothiazoIi-
-ne 
Organic Acids 
Azo-reactive Dyes 
Methylene Blue 
Organic Dyes 
•Malachite Green 
Dye 
Volatile 
Chlorinated 
Organic 
Compounds 
Excellent efficiency 
of adsorption 
(average 80.65%) 
The adsorption 
process was 
controlled by the ion-
dipole and 
hydrophobic 
interactions. 
Mastral et al.,2003 
El-Feky and 
Shalaby,2003 
Karthaus and 
Kawatani,2003 
Deere et al.,2003 
Tunega et al.,2003 
Chiou et al.,2004 
Wong et al.,2004 
Chang et al.,2004 
Gluszcz et al.,2004 
Ozdemir et 
al.,2004 
Mak and Chen 
,2004 
Andrzejewska et 
al.,2004 
Garg et al.,2004 
Kobayashi et 
al.,2004 
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Silica 
Adsorbents 
Activated 
Bleaching Earth 
Balkaya lignite 
Novel 
Mesoporous 
Carbons 
Activated 
Carbon 
Silica 
Amphoteric Ion 
Exchemge Fibres 
Cation-
exchanged 
Montmorillonites 
Activated 
Carbon Derived 
from Solid 
Waste 
Alunite 
Peat and Soil 
Samples 
Metal Hydroxide 
Sludge 
Methylated 
Yeast Biomass 
Polyurethane-
chitosan Blends 
Amino Acids,Small 
Peptides, and 
Nucleic Acid 
Herbicide paraquat 
Methylene Blue 
Inflammatory 
Cytokine 
Phenolics 
Vitamin E 
Amino Acids 
Valine 
Phenol and reactive 
Dye 
Disperse Dyes 
Organophorous 
Pesticides 
Azo Reactive Dyes 
Egg Albumin 
Color Dyestuffs 
Vladimir 
A.Basiuk,2004 
Tsai et al.,2004 
Karaca et al.,2004 
Malik et al.,2004 
Lu and Sorial,2004 
Chu et al.,2004 
Fu et al.,2004 
Nagy and 
Konya,2004 
Nakagawa et 
al.,2004 
Ozacar and Sengil 
,2004 
Rotich et al.,2004 
Netpradit et 
al.,2004 
Seki et al.,2004 
Shih et al.,2004 
^ J 
Silicon Oxide 
Aqueous 
Solution 
Interface 
Granular 
Activated 
Carbon 
CO2 Laser 
Modified 
Magnesia 
Partially 
Stabilized 
Zirconia (MgO-
PSZ) 
Polymeric 
Adsorbents 
Activated 
Carbon .1 
Activated 
Carbon .11 
Phenol -,Tire-
,and Coal-
Derived 
Activated 
Carbons 
Cationzed Solid 
Wood Residues 
Hydrotalcite 
Organoclays 
Clay/waler 
System 
Bentonite 
PAC 
Casein 
Phenolphthalein 
Human Serum 
Albumin (HAS) 
Phenol 
Volatile Organic 
Compound 
Volatile Organic 
Compound 
Organic Vapors 
Orthophosphate 
2,4-Dichlorophenol 
Phenanthrene 
Methylene Blue 
Poly(4-
vinylpyridine) 
Organic Matter 
Follows et al.,2004 
Tansel and 
Nagarajan ,2004 
Hao and Lawrence 
,2004 
Li et al.,2004 
Lordgooei and 
Kim,2004 
Lordgooei and 
Kim,2004 
Ramirez et 
al.,2004 
Karthikeyan et 
al.,2004 
Yapar et al.,2004 
EI-Nashhal and 
Safi,2004 
Gurses et al.,2004 
Bacquet et al..2004 
Tomaszewska et a! 
.,2004 
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Silica Surface: 1 
Silica Surface:2 
Untreated and 
Treated 
Activated 
Carbon 
Quartz Sand 
Natural Clay 
Minerals with 
Hexadecylpyrid-
-inium Cation 
Carbon Materials 
Raw and 
Activated Date 
Pits 
Alumina 
Interface 
Ozone-adsorbed 
High Silica 
Zeolites 
Electro-activated 
Carbon Granules 
Montmorillonite 
Modified with 
Natural Organic 
Cations 
Modified Resin 
Cationic 
Surfactants 
Cationic 
Surfactants 
p-Nitrophenol 
Extracellular 
Glucose Oxidase 
from Penicillum 
Funiculosum 46. 
Fungicides 
Organic Molecul 
Phenol 
Sucrose 
Trichloroethene 
Phenol 
Herbicide Simaz 
Water-Soluble 
Dyes 
Diatomite Earth | Textile D\es 
Golub and 
Koopal,2004 
T.P.Golub,2004 
Sirous Nouri.2004 
^^ 
Eryomin et 
al.,2004 
Andrades et 
al.,2004 
Carlos Moreno-
Castilla,2004 
Banat et al.,2004 
Singh and Mohan 
2004 
Fujita et al.,2004 
Lounici et al.,2004 
Cruz-Guzman et 
al.,2004 
Yu et al..2004 
Irdcni et al..2005 
• ( --VCC. I N ' _ ) • 
\ ^ : 
•^ 
^ 
.j.^'' 
Activated 
Carbon 
Alumina 
Zeolite 
Lysozyme 
Crystals 
Organic 
molecule 
Chlorinated 
Organics 
Gaseous 
formaldehyde 
and carboxylic 
acids 
Phenol 
Phenolic 
Compound 
Anionic Surfactant 
Naphthalene 
Xanthene Dyes 
Nanoporous 
Material 
High Silica Zeolite 
Ammonium-ion-
exchanged a-
Zirconium 
phosphate 
Lignite 
Dabrowski et 
al.,2005 
Adak et al.,2005 
Yuh-ShaHo,2005 
Cvetkovic et 
al.,2005 
Denoyel et 
al.,2005 
Chichara et 
al.,2005 
Hayashi et al.,2005 
H.Polat et al.,2006 
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CHAPTER- 2 
Adsorption behavior of Lignite for heavy metals: Removal and 
Recovery of Pb (II) from aqueous solution 
Introduction 
During recent years intensification of industrial activities greatly contributing to 
the increase of heavy metals in the environment, mainly in the aquatic systems (Marques 
et al., 2000). This widespread but generally diffuse contamination has caused concern 
about its possible effects on the plants, animals and human beings. Toxic metals such as 
Cu (II), Cd (II), Zn (II), Hg (II), Pb (II) etc. have become an ecotoxicological hazard of 
prime interest and increasing significance owing to their tendency to accumulate in vital 
organs in human beings and animals. Among these contaminants, Pb (II) is a metal of 
concern. The maximum permissible limit of Pb (II) for drinking water is O.OSmgl (WHO 
Guidelines, 1984). Beyond the permissible level, Pb (11) become toxic and causes acute 
and chronic disorder in human being such as cancer, affects nervous and renal system, 
causes weakness headache, brain damage, convulsion, constipation, blue line along gums 
and even causes death. Industries discharging Pb (II) in the waste water are battery 
industry, auto-exhausts, paints and dyes, petrochemicals, pesticides, fertilizers, 
explosives, electrical and electronic, alkali / chlorine (Rai et al., 1998). This aspect 
coupled with their persistence, result in a serious health hazards threatening water 
supplies and population depending on them (EPA, 1999) 
The methods mostly used for removing Pb (11) from wastewater include 
precipitation, evaporation, reverse osmosis and ion exchange but most of these processes 
are economically non feasible for small scale industries. The adsorption process has been 
found to be economically appealing for the removal of heavy metals from wastewater for 
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the treatment of Pb (II) rich effluents at the solid solution interface. Several adsorbents 
have been used earlier (Ajmal et al., 1998, Inove et al.,1997, Quek et al.,1996, Issabyena 
el al.,2006, Singh el al.,2000). The adsorption behavior of orange fruit peel, sawdust, 
kyanite and rice husk for the removal and recovery of Ni (II), Cr (VI), Cu (II), Cd (II), 
from rivers and industrial waste water have been studied in our laboratory (Ajmal et al., 
2001, Ajmal et al., 1996, Ajmal et al ,2001, Ajmal et al., 2003). 
In the present study, the adsorption properties of Lignite for the removal of Pb (II) 
from aqueous solution have been studied .The Lignite is the cheapest form of coal found 
in India abundantly in the region of Madras (Neyveli Lignite Corporation). Lignite has 
been used earlier for the removal of Ni (II) and Cu (II)( Samra, 2000), As (III)(Deng et 
al.. 1999) and for the removal of phenol (Polat et al., 2006). 
2.1. Material and method 
Adsorbent 
Lignite sample collected from Neyveli Lignite Corporation Madras (India) was 
crushed and sieved through 50-100(BSS) mesh size. It was then washed several times 
with distilled water till material was clear of all coloration and finally dried in an air oven 
at 100-105Tfor24hrs. 
Adsorbate solution 
Stock solution of Pb (II) was prepared (lOOOmgl"') by dissolving the desired 
quantity of lead nitrate (AR grade) in double distilled water (DDW). Solutions of other 
90 
metal ions were prepared (lOOOmgl ') by dissolving their chlorides or nitrates salts in 
double distilled water. 
Adsorption studies 
Adsorption studies were carried out by batch process. 0.5gm adsorbent was 
placed in a conical flask, 50ml solution of metal ion of desired concentration was added 
and the mixture was shaken in shaker incubator for 24 hrs at 120 rpm. The mixture was 
then filtered by whatman filter paper No.41 and final concentration of metal ions was 
determined in the filterate by atomic absorption spectrophotometer (AAS) (GBC 902). 
The amount of metal ions adsorbed was calculated by using following relation 
q = (Ci-Cf)V/W (1) 
q Adsorption capacity (mg/g) 
Ci Initial concentration of metal ions (mgl"') 
Cf Final concentrafion of metal ions (mgl"') 
W Mass of adsorbent (gms) 
V Volume of solution (liters) 
The % Adsorpfion was calculated by using following relation 
% Adsorption = (Ci - Cf)/ Ci * 100 (2) 
Effect of pH 
The effect of pH on the adsorption of Pb (11) was studied as follows 100 ml of Pb 
(II) solution was taken in a beaker. The pH of solution was adjusted by adding dilute 
solution of HCl or NaOH. The concentration of Pb (II) in this solution was then 
determined (initial concentration). 50ml of this solution was taken in conical flask and 
treated with 0.5g of adsorbent for 24 hrs in shaker incubator at 120 rpm. The mixture was 
then filtered; the final concentration of Pb (II) in filterate was determined as described 
above. 
Effect of time 
A series of 250 ml conical flasks, each having 0.5g adsorbent and 50 ml solution 
(of known Pb (II) concentration i.e 10,20,30,40,and50mgr') were shaken in a shaker 
incubator at 120 rpm and at the predetermined intervals. The solution of the specified 
flask was taken out and filtered. The concentration of Pb (II) in the filterate was 
determined by AAS and the amount of Pb (II) adsorbed in each case was then determined 
as described above. 
Effect of adsorbent dose 
A series of 250 ml conical flask each containing 50 ml of Pb (II) solution of 50 
mgP' concentration were treated at 20°C with varying amount of adsorbent (0.1-l.Og) at 
pH 3.0.The conical flasks were shaken in a shaker incubator at 120 rpm for 24hrs, the 
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solutions were then filtered .The amount of Pb (II) adsorbed in each case was then 
calculated as described above. The same procedure was repeated at 30 and 40°C. 
Breakthrough capacity 
0.5g of adsorbent was taken in a glass column (0.6cm internal diameter) with 
glass wool support .One litre of Pb (II) solution with SOmgf of initial concentration (Co) 
was then passed through the colunrn with a flow rate of 1ml min"'. The effluent was 
collected in 50ml fractions and the amount of Pb (II) (C) was determined in each fraction 
with help of atomic absorption spectrophotometer .The breakthrough curve was obtained 
by plotting C/Co verses volume of the effluent. 
Desorption studies 
Attempts were made to desorb Pb (II) from Lignite by batch and column 
processes. 0.5 g adsorbent was treated with 50 ml of Pb (II) solution (50 mg !"'). The 
adsorbent was washed several times with distilled water to remove excess of Pb (II) ions. 
The adsorbent was then treated with 50 ml O.IM HCl solution and after 24 hours the 
amount of Pb (II) desorbed was determined. Same procedure was repeated with different 
solvents. In column operation one litre of Pb (II) solution (50mg f initial concentration) 
was passed through the column containing 0.5 g adsorbent at flow rate 1ml min"'. It was 
washed several times with double distilled water in order to remove any unadsorbed Pb 
(II) then O.IM HCl solution was passed through the column with a flow rate 1ml min '. 
The effluent was collected in 10ml fraction and Pb (II) desorbed was determined in each 
fraction by atomic absoption spectrophotometer. 
2.2. Result and discussion 
The adsorption behavior of different metal ions on Lignite is shown in Table 1. 
The uptake of Pb (II) (m mol g"') was found to be maximum followed by Ni (11), Cu (II), 
Cd(II)andCr^(VI). 
Effect of concentration 
Effect of concentration on the adsorption of Pb (II) is presented in Fig. 1 .The 
percentage adsorption increases with increase in concentration and reaches to a maximum 
value (99.2%) when initial concentration of Pb (II) is increased from 10 to SOmgr'and 
then increase in percentage adsorption is almost negligible up to lOOmgf initial 
concentration of Pb (II). 
Effect of pH 
The effect of pH on the adsorption of Pb (II) on Lignite is shown in Fig. 2. The 
percentage adsorption increases from 46% to 100%. When pH is increased from 2 to 9.3. 
The maximum percentage adsorption is observed at pH 2.9. The percent adsorption 
increases rapidly from 46% to 100% when pH of the solution is increased from 2 to 3 and 
after that percent adsorption increases very slowly with increase in pH and then become 
constant. It is commonly agreed that the percentage adsorption of metal cations increases 
with increase in pH as the metal ionic species became less stable in the solution (Volesky 
et al., 1999). With further increase in pH, the solubility of metals decreases resulting in 
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their precipitation as hydroxides. The hydroxide precipitation of Pb (II) from its solution 
was found to occur at pH>6.5 (Martinez et al., 2006). Since metal precipitation is pH 
dependent therefore all adsorption studies were carried out at pH 3, which is much below 
the precipitation pH of Pb (II). 
Adsorption isotherms 
The adsorption isotherm data were analyzed with Langmuir and Freundlich 
isotherms (Ajmal et al., 2001). The values of Kf and n were calculated from the intercept 
and slope of Freundlich plots and values are reported in Table 2. The value of n between 
1 and 10 represent beneficial adsorption (Kadirvelu, 2001). However, Freundlich 
isotherm is better obeyed as compared to Langmuir isotherm at various temperatures 
showing that adsorption sites are heterogeneous .The value of Kf is high and increases 
with increase in temperature showing the high affinity of Pb (II) with Lignite (Fig. 3 and 
4). 
Thermodynamic studies 
The temperature range used in this study was 30-50°C.The of equilibrium 
constants (Kc) at 30, 40 and 50 °C were calculated from the following relation 
(Namasivayam and Ranganatham, 1995). 
Kc = CAC/CC (3) 
Where CAC and Ce are the equilibrium concentrations (mg P') of Pb (II) on the adsorbent 
and in solution respectively. 
AG° = -RT In KC (4) 
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Where T is the absolute temperature, R is gas constant and AG° is the standard free 
energy change. The value of enthalpy change (AH°) and entropy change (AS°) were 
calculated from the following relation. 
log Kc = AS72.303R- AH72.303R (5) 
AS° and AH° were calculated from the slope and intercept of linear plot of log Kc 
verses l/T (Fig. 5). Table 3 shows the values of Kc, AH°, AS° and AG°. The positive 
value of AH° indicates the process is endothermic. The negative value of AG° show that 
the process is spontaneous and spontaneity increases with increase in temperature. The 
positive value of AS° suggests increase randomness at the solid-liquid interface during 
adsorption. 
The Dubinin-Redush Kevich isotherm (Dubinin and Radushekvich, 1947) based on 
the heterogeneous nature of the adsorbent surface was used to predict the physical or 
chemical nature of the adsorption process .The D-R equation may be given as 
In Cad = In qm - pe" (6) 
Where qm is the adsorption capacity of lignite, P is the activity coefficient constant and 8 
is the polyanyi potential which is given as 
E = RT In (1 + 1/Ce) (7) 
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Where R is the gas constant (Kj mof ) and T is the temperature in Kelvin. Ce is the 
equiUbrium concentration (mol !'')• The values of qm and p^  can be obtained from the 
intercept and slope of the plot of In Cad Vs e^ (Fig.6). The mean free energy of 
adsorption (E) can be calculated from the following equation 
E = 1 /(-2p) V2 (8) 
The D-R parameters and mean free energy are given in Table 5. The values of E obtained 
are between 9.4 and 11.7 Kj moF', which are in the energy range of an ion-exchange 
reaction, i.e. 8-16 Kj mole"' (Helfferich, 1962). This indicates and support the idea that 
the adsorption of Pb (II) on Lignite is chemisorption and may proceed via ion-exchange. 
Adsorption kinetics 
The rate constants were calculated by using pseudo-first-order & pseudo- second-
order equations. The pseudo-first-order (Sharmessy and Winzor, 1996) and pseudo-
second-order (Zaror, C.A., 1997) reactions are based on solution concentration. The 
pseudo-first-order expression is given by equation. 
log (qe - qt) = log qe - Ki/2.303* t (9) 
Where qe is the amount adsorbed at equilibrium, qt is the amount adsorbed at 
time (t) and Ki is the adsorption rate constant. The linear plot of log (qe - qt) verses t is 
observed (Fig. 7). The regression coefficients (R )^ and rate constant for first-order kinetic 
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at various concentrations are reported in Table 4. The pseudo-second-order adsorption 
Icinetics rate eqation is 
t/q, = 1 /K2 qe^  +1 /qe • t ~— (10) 
Where K2 is the adsorption rate constant for pseudo-second-order kinetics. The 
value of K2 was calculated from the slope of the linear plot of t /qt verses t (Fig. 8). A 
comparison of the experimental adsorption capacities and calculated values obtained 
from Equation (9) and (10) shows that qe (theoretical) value calculated from the pseudo-
first-order kinetics model differed largely from qe (experimental) value. However, in 
pseudo-second-order kinetics the calculated qe (theoretical) value was found to be very 
close to qe (experimental) value and also the high value of the correlation coefficient (R^) 
confirmed the applicability of the pseudo-second-order kinetics. 
The nature of adsorption was also verified using Reichenberg equation 
(Reichenberg, 1953). 
F = (1-671^ ) e"P' (11) 
The nature of Pt is a mathematical function of R and can be calculated as 
Pt = -0.4977 - log (1 -F) (12) 
Where, F = q./q^ (13) 
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The plot of pt verses time (t) is shown in Figs: 9(a, b, c, d). The linear plots indicate that 
adsorption of Pb (II) on Lignite occurs through intraparticle diffusion at different 
concentration of adsorbate. 
Breakthrough capacity 
The breakthrough curve showed that 50 ml of the solution (corresponding to 2.5 
mg Pb (II)) could be passed through the column without detecting Pb (II) in the effluent. 
The breakthrough and exhaustive capacities were determined as 5 and 28 mg g"' Fig: 10 
respectively. 
Desorption studies 
In order to make the process more economical the desorption studies were carried 
out by batch as well as by column process. Table: 5 represents the desorption of Pb (II) 
from Lignite with various salt solutions by batch process. The results indicate that Pb (II) 
is strongly adsorbed on Lignite and cannot be recovered by O.IM NaOH as well as by 
different salt solutions. However 41.49% of Pb (II) could be recovered when O.IM HCl is 
used. This behavior shows that Pb (II) can be removed from industrial waste water that 
contain other dissolved salts since presence of these salts in industrial waste will not 
affect the adsorption of Pb(II) ions on Lignite. However, excellent results were obtained 
v\hen column process was used to desorb Pb (II) with O.IM HCl solution. The desorption 
process was rapid since maximum amount of Pb (II) could be desorbed within 10 ml 
fraction of the effluent (Fig. 11). The recovery of Pb (II) from the column process was 
found to be 80%. 
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2.3. Conclusions 
Lignite is cheapest form of coal available in India. It is a soft coal and contains 
about 38% of carbon. It is used in generation of electricity and synthetic natural gas. The 
order of adsorption of various heavy metals on Lignite is Pb (II)>Ni (II)>Cu (II)>Cd (II)> 
Cr (VI). 
The adsorption of Pb (II) is pH dependent and maximum adsorption occurs at pH 
3.Kinetics data indicate that intraparticle diffusion process is involved in adsorption .The 
adsorption data followed the pseudo-first order and pseudo-second order rate equation 
but pseudo-second order rate equation is better obeyed .The adsorption data are well 
fitted in Freundlich and D-R isotherm while thermodynamic parameters AH° and AG° 
indicated the adsorption process is endothermic and spontaneous .The mean free energy 
of adsorption indicated that chemo-sorption process is involved that may proceed via ion-
exchange. The adsorption of Pb (II) on Lignite is strong because adsorbed Pb (II) cannot 
be recovered by using the various salt solutions of moderate concentrations. This 
behaviour is important since Pb (II) can easily and effectively be removed from industrial 
wastewater containing various dissolved salts. Removal of Pb (II) is also possible even if 
industrial waste is highly alkaline. However, nearly 50% of Pb (II) could be recovered 
using O.IM HCl by batch process. The desorption of Pb (II) by acid also support that 
probably ion-exchange process is involved. The desorption of Pb (II) from Lignite by 
column operation is easy and fast .It has been found that maximum amount of Pb (11) can 
be recovered within small fraction of effluent with 0.1 M HCl. Therefore Lignite can be 
used for the recovery and preconcentration of Pb (II) from water and waste water. 
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Table .1: Adsorption of different metals ions on Lignite at room temperature. 
S.No. 
1 
2 
3 
4 
5 
Metals ions 
Cd (II) 
Cu (11) 
Pb (II) 
Ni (II) 
Cr (VI) 
Adsorption (m mol g ') 
0.0415 
0.063 
0.104 
0.078 
0.0 
Table .2: Freundlich constants at different temperatures for the adsorption of Pb (II) on 
Lignite. 
Temperature (°C) InKf Kf n Rr^ 
30°C 3.172 23.86 1.36 0.9937 
40T 3.489 32.78 0.943 0,9234 
SOT 4.358 78.14 1.748 0.9712 
Table.3: Thermodynamic parameters at different temperatures for the adsorption ot 
Pb(II) on Lignite. 
Temperature 
(T) 
30°C 
40°C 
SOX 
Kc 
16.46 
26.60 
41.90 
AG° 
(kJ mol'') 
-7.0559 
-8.5378 
-10.031 
AH° 
(kJ mof ) 
38.02 
^s° 
(kJ mof'K"') 
0.14877 
R2 
0.9847 
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Table.4: Pseudo-first-order and pseudo-second-order rate parameters for adsorption oi 
Pb (II) at different concentrations on Lignite 
Concentration 
(Co) 
(mgl-') 
]0 
20 
30 
40 
qe 
(experimental) 
0.98 
1.47 
2.15 
3.94 
Pseudo-first-order 
qe 
(Calculated) 
(mgR-') 
0.085 
2.29 
1.919 
8.182 
K-ad 
0.4491 
0.7088 
0.449 
1.119 
R^  
0.9199 
0.9241 
0.9894 
0.998 
Pseudo-second-order 
qe 
(Calculated) 
(mgii"') 
0.975 
1.66 
2.439 
4.024 
h 
18.76 
1.604 
2.097 
25.18 
R^  
0.9998 
0.9955 
0.9917 
0.9991 
Table.5: Dubinin-Radushkevisk (D-R) parameters for the adsorption of Pb (II) on Lignite 
Temperature 
(T) 
30°C 
40°C 
SOX 
P 
(mol/ Kj)' 
-0.0056 
-0.0052 
-0.0036 
Inqm 
-6.8583 
-6.3186 
-7.2215 
qm 
(mol/g) 
1.05*10"' 
1.8*10"^ 
7.3*10"^ 
Ea 
(Kj mof) 
9.4 
9.8 
11,7 
Table .6: Desorption of Pb (II) from Lignite by batch process 
Solvents 
OlMHCl 
O.lMNaCl 
O.IMK2SO4 
O.lMNaOH 
DDW 
Amount 
loaded 
(mg) 
2.5 
2.5 
2.5 
2.5 
2.5 
Amount 
adsorbed 
(mg) 
2.41 
2.45 
2.45 
2.45 
2.45 
Amount 
recovered 
(mg) 
1 
0.0 
0.15 
0.155 
0.1 
% 
Recovery 
41.49% 
0% 
6.10% 
6.30% 
4.08% 
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